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47560 Seabridge Drive 
Fremont, CA 94538 


510-498-7901 Fax 


The Microwave Experts since 1991 www.starmicrowave.com 


RMA CONFIRMATION 75225 Quote Date: 03/13/08 


BILL TO: Tassajara Repeater Group SHIP TO: Tassajara Repeater Group - Atascadero 
17355 Walnut Avenue 17355 Walnut Avenue 
Atascadero, CA 93422 Atascadero, CA 93422 
US. USA 


Attn: Accounts Payable 
Attn: Ron Patterson 


See Order No: Warranty Payment Terms:  C-Credit Card 
i : 
pia UPS Ground PPA Lead Time: One (1) Week ARO 


201-24310-L Lynx CP6 Tranmitter module (all frequencies) 1 


Problem: Causes far end bit errors and low RF output S/N: 97-03903 
Warranty: 


Warranty RMA 


*Sub Total: 
Sold on SO 1343 nehichies 


*Sub Total does not include shipping charges or 
applicable taxes 


Please reference your RMA number on the outside of the shipping box and include a copy of this RMA Confirmation with your 
shipment. 


THANK YOU FOR YOUR ORDER! 


Octavio Beas Steven McKee 
Sales Support Sales/Customer Service Representative 
obeas@starmicrowave.com smckee@starmicrowave.com 
Tel: 510-498-7929 Tel: 510-498-7945 


What does a Star Microwave repair represent? 

* Repairs are done at Star Microwave facilities — it means we have the expertise, infrastructure, processes, and facilities. 
* By factory-trained technicians — in fact our technicians come from Western Multiplex, Harris, Proxim, and DMC. 

* Units are upgraded, repaired, tested, and calibrated to the manufacturer's original specifications. 

* All units pass extensive testing — including comprehensive unit and system level tests and burn-in. 


Star Microwave is the Authorized & Certified repair center for Proxim radios in North America. 
Proxim repairs include the reconditioning and upgrade of the radios to the latest ECOs — provided and documented by 
the original equipment manufacturer. 
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47560 Seabridge Drive 


“S¢ Fremont, CA 94538 
510-498-7900 Telephone 
STAR MICROWAVE £7000 Telephone 


Extending the life of your network... 
www.starmicrowave.com 


PACKING SLIP 1640 
BILL TO:: | SHIP. TO: 


Tassajara Repeater Group - Atascadero 


Tassajara Repeater Group 
17355 Walnut Avenue 


17355 Walnut Avenue 


Atascadero CA 93422 


Atascadero, CA 93422 
USA 


USA 
Attn: Ron Patterson 
Purchase Order No. R.D. Patterson 
Ship Date: 03/28/07 Ship Via: UPS Ground PPA 
Payment Terms: C-Pending F.O.B:: Fremont, CA, USA 
Item __|ttem Description 
301-24000-C10 Lynx CP6 5.8 GHz T1 1.000 0.000 1.000 
301-24000-C20 Lynx CP6 5.8 GHz T1 1.000 0.000 1.000 
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r Any alterations to our labels will void the warranty 
ta | 
“< Your contact for this order is: Octavio Beas 
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To Tassajara Repeater Group Date 03/28/07 


17355 Walnut Avenue | Time 14:17 
Atascadero, CA 93422 Federal Tax ID: 94-3182907 
USA 

Serial Numbers in Document Delivery 1640 


# Item No. Description 


301-24000-C10 Lynx CP6 5.8 GHz T1 


Mfr No. Serial No. Prepack Expiration DaMfr Date Admis. date War. start War. End. Whse Details 


97-04808 03/28/07 


# Item No. Description 


2 |301-24000-C20 Lynx CP6 5.8 GHz T1 


Mfr No. Serial No. Prepack Expiration DaMfrDate Admis. date War. start War. End. Whse Details 
97-09899 03/28/07 
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SS star Microwave 


Extending the life of your network... 


PACKING SLIP 2418 
BILL TO: 


Tassajara Repeater Group 
17355 Walnut Avenue 


Atascadero CA 93422 
USA 


Purchase Order No. 


Ship Date: 08/02/07 
Payment Terms: C-Credit Card 


Warranty 


47560 Seabridge Drive 
Fremont, CA 94538 
510-498-7900 Telephone 
510-498-7901 Fax 
www.starmicrowave.com 


SHIP TO: 


Tassajara Repeater Group - Atascadero 
17355 Walnut Avenue 


Atascadero CA 93422 
USA 


Attn: Ron Patterson 


Ship Via: UPS Ground PPA 
5 @ Bi = Be Fremont, CA, USA 


Qty Ordered | Back Ordered | Qty Shipped 


301-24000-C20-L Lynx CP6 5.8 GHz T1 
S/N: 95-08583 


1.000 0.000 1.000 


Any alterations to our labels will void the warranty 


Your contact for this order is: Steve McKee 
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Digitized by the Internet Archive 
in 2024 with funding from 
Amateur Radio Digital Communications, Grant 151 


https ://archive.org/details/westernmultiplexOOunse 


NS star MICROWAVE 


Extending the life of your network... 


PACKING SLIP 2418 


BILE +O: 


Tassajara Repeater Group 
17355 Walnut Avenue 


Atascadero CA 93422 
USA 


Purchase Order No. 


Ship Date: 08/02/07 
Payment Terms: C-Credit Card 


Warranty 


47560 Seabridge Drive 
Fremont, CA 94538 
510-498-7900 Telephone 
510-498-7901 Fax 
www.starmicrowave.com 


SHIP TO: 


Tassajara Repeater Group - Atascadero 
17355 Walnut Avenue 


Atascadero CA 93422 
USA 


Attn: Ron Patterson 


Ship Via: UPS Ground PPA 
F.O.B.: Fremont, CA, USA 


fom [item Description : Qty Ordered | Back Ordered Qty Shipped 


301-24000-C20-L Lynx CP6 5.8 GHz T1 
S/N: 95-08583 


1.000 0.000 1.000 


Any alterations to our labels will void the warranty 


Your contact for this order is: Steve McKee 
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NS star Microwave 


Extending the life of your network... 


PACKING SLIP 1640 


BILL TO: 


Tassajara Repeater Group 
17355 Walnut Avenue 


Atascadero, CA 93422 
USA 


Purchase Order No. 


Ship Date: 03/28/07 
Payment Terms: C-Pending 


301-24000-C10 Lynx CP6 5.8 GHz T1 


301-24000-C20 Lynx CP6 5.8 GHz T1 


R.D. Patterson 


Item Description 


7560 Seabridge Drive 
Fremont, CA 94538 
510-498-7900 Telephone 
510-498-7901 Fax 
www.starmicrowave.com 


SHIP TO: 


Tassajara Repeater Group - Atascadero 
17355 Walnut Avenue 


Atascadero CA 93422 
USA 


Attn: Ron Patterson 


Ship Via: UPS Ground PPA 
F.O.B.: Fremont, CA, USA 


Qty Ordered Back Ordered Qty Shipped 
1.000 0.000 1.000 
1.000 0.000 1.000 


Any alterations to our labels will void the warranty 


Your contact for this order is: Octavio Beas 
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To Tassajara Repeater Group Date 03/28/07 


17355 Walnut Avenue | Time 14:17 
Atascadero, CA 93422 Federal Tax ID: 94-3182907 
USA 

Serial Numbers in Document Delivery 1640 


# Item No. Description 


301-24000-C10 Lynx CP6 5.8 GHz T1 


Mfr No. Serial No. Prepack Expiration DaMfr Date Admis. date War. start War. End. Whse Details 
97-04808 03/28/07 


# Item No. Description 


2 |301-24000-C20 Lynx CP6 5.8 GHz T1 


Mfr No. Serial No. Prepack Expiration DaMfr Date Admis. date War. start War. End. Whse Details 


97-09899 03/28/07 


Page 1 Producer: 


47560 Seabridge Drive (510) 498-7900 (510) 498-7901 


Fremont CA 94538 


TOSSE0 #60 
bat onuT 


Sere ae J) 28T ierebe? 


+ 


lant vit penne | | 


— r eg ate Ree = ee a I el A cee - os 
rer" AS ' e | 
wie | “icueeet ae 


sisiet) serv bn ww hele 1cW oth Babicaes #09 Med meanestoges Moggers ; Ola 


ey Oude 


earl > avs ha so! stp irri @lat] ON 40 ry oe ig i pees i 
a ™ si 2p on 1?’ and~di ea ame ee Sankienrstenpnpenapinemtet 
TARO I 


os 


47560 Seabridge Drive 
Fremont, CA 94538 


STAR MICROWAVE | 510-498-7900 Telephone 


Extending the life of your network... 2 Coen wie 
www.starmicrowave.com 


PACKING SLIP 1640 


BILL TO: SHIP TO: 

Tassajara Repeater Group Tassajara Repeater Group - Atascadero 
17355 Walnut Avenue 17355 Walnut Avenue 

Atascadero, CA 93422 Atascadero CA 93422 

USA USA 


Attn: Ron Patterson 


Purchase Order No. R.D. Patterson 
Ship Date: 03/28/07 Ship Via: | UPS Ground PPA 


Payment Terms: C-Pending F.0:Bi Fremont, CA, USA 


Item Item Description Qty Ordered | Back Ordered Qty Shipped 


301-24000-C10 Lynx CP6 5.8 GHz T1 1.000 0.000 1.000 


301-24000-C20 Lynx CP6 5.8 GHz T1 1.000 0.000 1.000 


Any alterations to our labels will void the warranty 


Your contact for this order is: Octavio Beas 
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To Tassajara Repeater Group 


17355 Walnut Avenue 


Atascadero, CA 93422 
USA 


Serial Numbers in Document 


# Item No. Description 


301-24000-C10 Lynx CP6 5.8 GHz T1 


Prepack Expiration DaMfr Date 


Mfr No. Serial No. 


97-04808 


Description 


2 |301-24000-C20 Lynx CP6 5.8 GHz T1 


Mfr No. Serial No. 
97-09899 


Delivery 


Admis. date 


Prepack Expiration DeMfr Date Admis. date 


Date 03/28/07 
Time qa i 
Federal Tax ID: 94-3182907 


1640 


War. start War. End. Whse Details 


03/28/07 


War. start War. End. Whse Details 


03/28/07 
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WESTERN ® 
MULTIPLEX 
CORPORATION 


‘A Glenayre Company 


OPERATOR'S 
MANUAL 


OPERATOR'S MANUAL WESTERN? 
DIGITAL MICROWAVE RADIO MULTIPLEX 
sa ae CORPORATION 


A Glenayre Company 


V)) 


LYNX 6 | 


Operator's Manual 


Copyright (c) 1996 by Western Multiplex Corporation. All rights reserved. 
No part of this manual may be reproduced without prior written permission 
from Western Multiplex. 


The information contained in this manual is subject to change without notice. 
Western Multiplex shall not be liable for errors contained herein or for 
incidental or consequential damages in connection with the furnishing, 
performance, or use of this manual or equipment supplied with this manual. 
Western Multiplex makes no warranty of any kind with regard to this manual 
or any equipment supplied with this manual, including, but not limited to, the 
implied warranties of merchantability and fitness for a particular purpose. 


Heliax is a registered product of Andrews Corporation. 
Fireberd is a registered product of Telecommunications Techniques Corpo- 


\) ) ration. 


Printed in the United States of America 


Western Multiplex Corporation 
300 Harbor Boulevard 
Belmont, CA 94002 

Tel : (415) 413-4200 

FAX : (415) 592-4249 


Issue: June 1996 


OPERATOR'S MANUAL WESTERN? 
DIGITAL MICROWAVE RADIO MULTIPLEX 
JUNE 1996 CORPORATION 


| LYNX 6 | 


Warranty 


Western Multiplex Corporation (herein called “Western”) warrants that each 
radio product of its own manufacture shall be from the date of shipment and 
for a period of TWO (2) years thereafter or FIVE (5) years thereafter for 
baseband products and THREE (3) years for analog radio products, be free 
from defects in materials and workmanship. 


If any Western radio product shall prove to be defective in materials or 
workmanship under normal intended usage and maintenance during the 
warranty period, and is so found upon examination by Western, then 
Western shall repair or replace, at Western’s sole option, such defective 
product at its own expense, exclusive, however, of the cost of labor by the 
customer’s own employees, agents or contractors in identifying, removing or 
replacing the defective product. The liability of Western for breach of any and 
all warranties hereunder is expressly limited to the repair or replacement of 
defective products, and in no event shall Western be liable for special, 
incidental or consequential damages by reason of any breach of warranty or 
defect in materials or workmanship. 


Authorization to return products to Western under this warranty must be 
obtained prior to making shipment to Western’s factory and all returns shall 
be shipped freight prepaid. All products will be returned to the customer after 
repair or replacement has been completed by carrier and method of delivery 
chosen by Western to any destination within the United States of America. 
If the customer desires some other specific form of conveyance, or is located 
beyond the U.S.A. borders, then the customer must bear the cost of return 
shipment. 


Western shall not be responsible for warranty repair or replacement of 
products which have been subjected to neglect, accident or improper use. 


In composite equipment assemblies which include equipment of other than 
Western manufacture, Western’s responsibility under this warranty for the 
non-Western portion of the equipment shall be limited to the other equipment 
manufacturer’s warranty. 


This express warranty shall extend to the original equipment purchaser only, 
and is in lieu of all other warranties, expressed or implied, including the 
implied warranties of fitness for a particular purpose and merchantability. 
There are no other warranties except as appear on the face hereof. 


OPERATOR'S MANUAL WESTERN? 
DIGITAL MICROWAVE RADIO MULTIPLEX 
Al i CORPORATION 


| LYNX 6 | 


A Glenayre Company 


Regulatory Notice 


This equipment complies with FCC Regulation 15.247 as relating to spread- 
spectrum wireless communications using direct sequence, and is certified 
and approved by the FCC for operation in the USA. 


This device complies with new FCC rules adopted under Docket 87-389 and 
is not affected by Section 15.37 transition rules. 


This equipment generates, uses, and can radiate radio frequency energy 
and if not installed and used in accordance with the instruction manual, may 
result in interference with radio communications. It has been tested and 
found to comply with the limits of rules that are designed to provide 
reasonable protection against such interference when operated in a com- 
mercial environment. Operation of this equipment in a residential area may 
cause interference, in which case the user, at his own expense, will be 
required to take whatever measures may be required to correct the interfer- 
ence. 


This device complies with RSS-210 of Industry Canada. Operation is 
subject to the following two conditions: (1) this device may not cause 
interference, and (2) this device must accept any interference, including 
interference that may cause undesired operation of the device. 
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1.1. Introduction 


The LYNX 6 Spread Spectrum Digital Microwave Radio has been designed 
to provide instant and convenient T1 wireless interconnections. 


1.2 Structure: Operator’s Manual 


The Operator’s Manual provides information required to operate the LYNX 
6 and to use its many features to the fullest advantage. The manual is 
designed to assist you in operating the equipment. The Operator’s Manual 
is divided into the following sections: 


Section 1 Provides instructions on how to most effectively 
utilize the information in this manual. 


Section 2 Contains an overview of the LYNX 6 concepts, 
applications and block diagram. 


Section 3 Provides the equipment specifications. 


Section 4 Explains the front panel controls, indicators and test 
points and the rear panel connections. 


Section 5 Describes the system planning considerations that 
should occur prior to the actual equipment installation. 


Section 6 Provides the user with installation, transmitter output 
power adjustment and operational checks of the LYNX 
system. 

Section 7 Specifies the recommended user adjustments and 


procedures for unit replacements. 


Section 8 Provides troubleshooting information. 


Instructions on setting the transmitter RF output power are 
ce contained in Section 6 of this Manual. 
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1.3. Who Should Use This Manual 


This manual is intended for network and communications engineers and 
technicians involved in designing, installing and operating a wireless link as 
part of a communications network. 


This manual assumes that the reader has an understanding of basic 
telecommunications equipment, operation and terminology. 


1.4 Icons 


Throughout the manual the following icons are used to highlight areas of 
special interest and importance. 
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2.1 Introduction 


The LYNX 6 provides a new level of control and convenience in a digital 
communications network. 


The LYNX 6 carries a full T1 signal between two locations without the delay 
and expense of installing cable or traditional microwave. 


Because each owner controls the operation of the link there is no reliance on 
any outside services. LYNX 6 operators are able to operate instant links 
whenever needed, and to be in control of their own destiny. 


2.2 LYNX 6 Benefits 


The LYNX 6 offers two primary benefits: 


% CONVENIENCE Easy to operate with no user license 
requirements or frequency co-ordination 
in the USA. (Other countries may re- 
quire a user license and/or frequency 
coordination.) 


~ CAPABILITY A full transparent T1 signal over any 
line-of-sight distance (typically up to 40 
miles, depending on terrain. 
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2.3 LYNX 6 Technology 


The LYNX 6 uses spread-spectrum technology. Some details of this 
technology are considered proprietary and therefore circuit schematics are 
not provided to the end-user. 


The LYNX 6 provides a transmitter RF output power of up to +20 dBm at the 
antenna port in the 5725 - 5850 MHz band. 


The LYNX 6 receiver is also synthesized over the same frequency band and 
will operate over long distances reliably and in the presence of interfering 
signals. 


The LYNX 6 terminal operates with an external antenna. Narrow beam 
parabolic dish antennas are recommended (see Section 5; System Plan- 
ning), but any antenna with adequate performance in the 5.8 GHz frequency 
band may be used. 


Each LYNX 6 terminal is a self-contained full duplex transceiver. Two 
terminals communicate over one link simultaneously: LYNX 6 does not 
employ half duplex, TDM or point-to-multipoint configurations. The LYNX 6 
is strictly for point-to-point, line of sight applications. However, wide area/ 
long distance coverage may be obtained by employing multihop (star or 
loop) configurations. 
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2.4 Typical LYNX 6 Applications 


Figures 2-1 through 2-3 show typical LYNX 6 applications. 


The LYNX 6 design provides the flexibility of relocating people and equip- 
ment, with minimum planning effort and cost. The LYNX 6 may be used to 
install a communications link “instantly” and is ideal for disaster recovery 
applications. 


The LYNX 6 is only available in a non-redundant configuration and is not 
intended for monitored hot-standby (MHS) use. The basis for this design is 
extremely high equipment reliability and that most T1 interface equipmentis 
also configured non-redundant. However, the LYNX 6 may be Set up using 
two terminals per site with external switching if redundancy is required. 


Figure 2-1: Telephony System Application 


snes rere seer er er eee ea 
SECTION 2: PRODUCT DESCRIPTION PAGE 2-3 


PAGE 2-4 


WESTERN OPERATOR'S MANUAL 


LYNX 6 


MULTIPLEX DIGITAL MICROWAVE RADIO 
CORPORATION JUNE 1996 


A Glenayre Company 


Figure 2-2: Cellular Application 


Figure 2-3: LAN Interconnect System (Between Buildings) 
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2.5 What is “Spread Spectrum”? 


Quite simply, spread spectrum is a coding technique for digital transmission. 
The purpose of the coding is to transform the information signal so that it 
looks more like noise. Noise has a flat, uniform spectrum with no coherent 
peaks and can generally be removed by filtering. The spread spectrum 
coding technique modifies the signal spectrum to spread it out, so that the 
new spectrum has a much lower power density, but the same total power. 


The expanded transmitter bandwidth minimizes interference to other users 
because of its low power density. In the receiver, the incoming signal is 
decoded, and the decoding operation provides resistance to interference 
and multipath fading. 


The two main implementations of spread spectrum are: 
“ FREQUENCY HOPPING 


~ DIRECT SEQUENCE 


ce The LYNX 6 uses direct sequence, not frequency hopping. 


eee ————EEEEESE==_—_—_== 
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2.5.1 Frequency Hopping 


In frequency hopping systems, the carrier frequency of the transmitter 
abruptly changes (or hops) in accordance with a pseudo-random code 
sequence. The order of frequencies selected by the transmitter is taken from 
a pre-determined set as dictated by the code sequence. The receiver tracks 
these changes and produces a constant IF signal. Interfering signals are not 
tracked. Therefore, they only occasionally fall within the IF bandwidth of the 
receiver. 


Fast frequency hopping systems change frequency at a significantly higher 
rate than the signal rate. Slow frequency hopping systems change frequency 
at rate comparable with (or lower than) the signal rate. 


2.5.2 Direct Sequence 


In direct sequence systems, the carrier phase of the transmitter abruptly 
changes in accordance with a pseudo-random pattern. This is generally 
achieved by multiplying the digital signal with a chip sequence (often called 
a “spreading code”). Because the chip sequence has a higher rate than the 
digital signal, the bandwidth is significantly expanded beyond the original 
information bandwidth. At the receiver, the information signal is recovered 
by remultiplying with a locally generated replica of the transmitted pseudo- 
random chip sequence. This effectively compresses the signal back to its 
original bandwidth. However, interfering signals are subjected to only one 
multiplication process (in the receiver). The interference is spread in the 
receiver, by the second multiplication process only, to at least the bandwidth 
of the chip sequence. The spread interference may then be removed by 
filtering. 


For direct sequence, the amount of spreading is dependent upon the ratio of 
chips per bit of information. Also, the same chip sequence (or spreading 
code) must be used in the transmitter and the receiver to recover the 
information. 
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2.5.3 Power Density 


Power density is highest in an unmodulated carrier; all the RF output power 
is present in a narrow bandwidth around the carrier. Modulated signals have 
different power densities, as seen by measuring the RF output power in a 
given bandwidth across the RF channel. Spread spectrum signals attempt 
to produce a completely uniform power density with no peaks by using 
pseudo-random chip sequences. The closer that the sequence comes to 
being random, the more uniform the power density. Spread spectrum signals 
never achieve a completely uniform power density and will always exhibit a 
line structured spectrum. The frequency separation of the line spectra is 
reduced by increasing the code repetition rate (higher chip rate and or longer 
pseudo-random codes). 


2.5.4 Coding 


Pseudo-random spreading codes have a fixed length; after a given number 
of bits they repeat themselves exactly. Codes may be formed using a shift 
register with feedback taps. A common useful series of codes with a length 
of 127 bits may be formed with a 7-bit shift register. 


Good spreading codes have low (or zero) cross-correlation and minimum 
interference occurs between users. This enables a receiver that is set to use 
a particular code to be reached only by the transmitter sending that code. 
Cross-correlation is the measure of agreement between two different codes. 
It can be found by determining the number of agreements minus the number 
of disagreements when the codes are compared chip by chip, while one code 
is shifted one chip at a time. 


Good spreading codes also have a high auto-correlation peak, when exactly 
lined up, to minimize false synchronization. Auto-correlation is the same as 
cross-correlation except the code is compared with itself, with a relative shift 
of one chip at a time. 
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2.5.5 Synchronization 


The most difficult part of designing a spread spectrum radio is to ensure fast 
and reliable synchronization in the receiver. The receiver must correlate the 
incoming signal and then demodulate it. The correlator removes the spread- 
ing code and the demodulator recovers the information at baseband. Both 
must be synchronous with the transmitted signal and usually lock up to the 
incoming signal and track it. Acquisition time is the period taken to lock up 
the receiver from a cold start and is one measure of the receiver’s perfor- 
mance. Other measures include the ability to synchronize in the presence of 
interference and/or thermal noise and to remain synchronized over long 
periods. 
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2.6 Frequency Planning 


By combining antenna discrimination, code discrimination, and RF channel 
Separation, the LYNX 6 radio system allows multiple users to set up highly 
reliable digital transmission links within a given geographical area. Shorter 
path lengths allow even more users to share a common area without 
interference. The typical channel plan shown in Figure 2-4 shows how two 
duplex LYNX 6 links may be co-ordinated for additional users. 


Channel Pairs 


Al A2 
Tx 5735 Rx 5735 
Rx 5800 <= Tx 5800 

Bt B2 


Tx 5755 — Rx 5755 
Rx 5820 Tx 5820 


CI C2 


Tx 5775 Rx 5775 
Rx 5840 Tx 5840 


Figure 2-4: LYNX 6 Channel Plan 
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2.7 Description of LYNX 6 Units 


The LYNX 6 terminal is a single, 2 mounting space, 19 inch shelf comprising 
the following assemblies: 


>, 
“ 


cS 


POWER SUPPLY UNIT (37100) - This unit is mounted in the 
shelf vertically at the rear and provides card edge connec- 
tors for the transmit and receive plug-in modules. It is also 
sometimes referred to as the motherboard. 


ACU (ANTENNA COUPLING UNIT) (24530) - This is nota 
discrete unit. It consists of two RF filters (transmit and 
receive), an isolator, a circulator, and interconnecting RF 
cables and connectors. These components are mounted on 
the top cover of the shelf. 


TRANSMIT UNIT (24310) - This is a plug-in module that 
consists of the modulator card (27110) and the transmit RF 
assembly (24210). The transmit RF assembly is mated to 
the modulator using stand-off shock-mounts. The complete 
transmit unit slides into the left hand horizontal card guides, 
and should not be separated into its component sub- 
assemblies. 


RECEIVE UNIT (24320) - This is the other plug-in module 
that consists of the demodulator card (27120) and the 
receive RF assembly (24220). The receive RF assembly is 
mated to the demodulator using stand-off shock-mounts, 
The complete receive unit slides into the right hand horizon- 
tal card guides and should not be separated into its compo- 
nent sub-assemblies. 


An “empty shelf” is sometimes referred to as a shelf with the 
power supply and ACU, but no transmit or receive plug-in 
units. 
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0h 6.176 MHz 


Data 
Input QPSK 


Circuit Modulator 


Synthesized 
; Local (Tx) 
Spreading Oscillator 
Sequence 
Generator Transmitter RF Assembly 24210 
Antenna 
Port 
es Tx: +20 dBm 
Rx: -88 dBm 
to 
Synthesized -30 dBm 
Local (Rx) 
70 MHz Oscillator 


DS1 Carrier +5 dBm 


a Output = Ss 


Circuit Sleek =a 
(Out) Recovery 


De-spreading 
Sequence +20 to +63V 
Generator DC Input 


Antenna 
Coupling Unit 


Demodulator 27120 24.704 MHz 


Power Supply 37100 


Figure 2-5: LYNX 6 Block Diagram 
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2.8 Transmitter Description 


The theory of operation is as follows: 


The DS-1 interface converts the T1 signal from a bipolar signal to an 
unbalanced NRZ data stream. The data stream is scrambled to randomize 
the signal in a 15 cell scrambler. The offset QPSK modulator separates the 
data into two orthogonal | and Q signals and first spreads the data by modulo 
—2 addition with a 127 bit code. The resultant or chip rate is 16 times the 
incoming data rate. These | and Q signals, now at the chip rate, are 
modulated onto the 70 MHz IF and combined into a single signal. At this 
point, the transmit IF signal has been spread to a uniform spectrum over 20 
MHz bandwidth. The IF signal is then upconverted to 5.8 GHz using a 
synthesized transmit local oscillator (L.O.) with 300 kHz increments and 6.4 
MHz reference. It is then amplified in a broadband strip-line power amplifier. 
The transmitter output is filtered and fed to the antenna port (N - type female 
connector) via a circulator. 


2.9 Receiver Description 


The LYNX 6 receiver theory of operation is as follows: 


The RF input from the antenna is fed to the same antenna port as is used for 
the transmitter. The receiver to transmitter is 65MHz so that the receive RF 
filter can provide adequate rejection. (Reduced T-R spacing will allow a 
higher leak through of the transmit signal that may desensitize the receiver 
and degrade the receive threshold specification). The filtered RF receive 
signal is amplified in the low noise amplifier (LNA) and then downconverted 
to a 70 MHz IF using a synthesized receive local oscillator (L.O.) with 300 
kHz increments and 6.4 MHz reference. The IF signal is filtered, despread 
and then demodulated in a modified Costas Loop demod to baseband. AGC 
is applied at baseband, not at IF. Several nested loops are used to acquire 
and lock onto the receiver carrier, recover the chip clock and despread the 
data using a duplicate of the spreading code sequence. Finally the data is 
de-scrambled, de-jitterized and converted to the standard DS-1 bipolar 
interface. 
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The standard LYNX 6 system is ordered using the following information. 


(ez fest foe int) Coe ee es 


System 


Channel 


AC Adaptor 


24000-xxx 


XXxXxx-A1X 


XXXXxX-A2X 


XxXxxXx-B1x 


XXXXX-B2x 


XXxXXx-C 1x 


XXXXx-C2x 


XXXXX-XXO 


XXXXX-XX 1 


Remote Loopback Card 


LYNX 6 system 


A1 channel 


A2 channel 


B1 channel 


B2 channel 


C1 channel 


C2 channel 


without AC adaptor 


with AC adaptor 


24112 


eee ee eee ee EEE 
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2.11 Repair Policy 


The LYNX 6 terminal includes comprehensive alarm indicators designed to 
diagnose potential faults. Should a fault occur it may be resolved by operator 
adjustment. 


Should a fault occur that cannot be resolved by operator adjustment and has 
been confirmed by looping terminals together on the bench, then the 
equipment should be returned to the factory for repair. 


The LYNX 6 is a complex system not designed for user repair. Either the 
complete LYNX 6 should be sent back in its original packing material, or one 
of the plug-in modules or the empty shelf may be returned if the fault is 
diagnosed down to the unit level. 


Western Multiplex prefers that the complete LYNX 6 terminal be returned 
intact. However, should this be too inconvenient then the transmit or receive 
unit may be returned provided it is placed inside an anti-static bag and well 
protected with padding. 


Please contact the factory in advance of returning the product and be sure 
to include the following information: 


% description of the problem 

your name and telephone number 
“~ return shipping address 

~ urgency of repair 


Please refer to the published “Western Multiplex Terms and 

ce Conditions of Sale” for complete repair policy details. This 
document is included in the Western Multiplex Catalog and 
sent out with every order acknowledgment. 
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3.1. Transmitter 


Output Power : +20 dBm nominal, +18 dBm minimum 
_ full power at antenna port, 
electronically controllable 


ControlRange 16 dB minimum 


Frequency Range 5735-5840 MHz 
. _ a oie 5850 MHz). 


Frequency Selection . Synthesizer DIP switch _ 


ir Frequency — | e. MHz 
Modulation i _ _ OQPSK 
2) _ Code Length _ | —=— iar bits 
| _ Number of Codes _ _ 9 (DIP switch selectable) 


3 OS All specifications are subject to change without notice. 


3) 
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3.2 Antenna/ Antenna Coupling Unit 


Antenna (not included) 2, 4, 6, or 8 foot parabolic, recommended 
Size ae 4 6 8° 

Gain 29dB 35dB 38dB 41dB 
Beamwidth (3 dB) 6° 3° vas 1S” 


Mechanics External antenna, 
Antenna Coupling Unit integral to shelf 


Antenna Port N-type female connector 
Impedance 50 ohms 
Return Loss 17 dB minimum 


Frequency Spacing 65 MHz T-R 


3.3 Receiver 


Nominal receive level —60 dBm 

Maximum receive level 0 dBm no damage, —30 dBm no errors 
Threshold receive level —88 dBm (BER = 10°) 

Image rejection 80 dB minimum 

AGC Range 60 dB 

Frequency Range 5725 - 5850 MHz 


Frequency Selection Synthesizer DIP switch 


IF Frequency 70 MHz ~ 


Processing gain 10 dB minimum 


1 SSE ESR SE ETERS SF SS SS SE SS SE SZ SS SS 
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3.4 System (Single Hop Performance) 


_ System Gain (nominal) 108 dB 


‘Acquisition time 500 msec, typical 


Transmission delay 50 usec, maximum (radio only) 


100 usec, maximum (10 mile path) 


~ Channel Plan 
ALULUCr—C—~—~—C— CBRE MHz 5800 MHz 


 & MHz 
5840 MHz xm 
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3.5 Digital Interface 


Digital Capacity 
Data Rate 


Digital Interface 
Connector 


Bantam Jacks 


Line Code 
Line Build Out 


Blue Code 


Test Signal 


Remote Loopback 


3.6 Temperature and 


Operational 
Meets all specs 
Storage 
Humidity 
Altitude 


OPERATOR'S MANUAL 
LYNX 6 

DIGITAL MICROWAVE RADIO 
JUNE 1996 


tx 
1.544 Mbps 


DS-1 (meets CCITT G.823, AT&T 
Pub 62411, Bellcore TR-TSY-000499) 


15 pin DA 15 
(D-type subminiature female) 


2 for inserting test equipment 
(isolates 15 pin connector) 


2 for monitoring transmit and receive 
lines (—20 dB) 


AMI or B8ZS (DIP switch selectable) 


0-280 feet or 280-660 feet 
(strap selectable) — 


All “1’s mute —_ “_ on n data _ 
loss or link failure _ 


2'°-1, may be selected at front are 


with optional loopback card, far end 
loopback activated by local end test 
signal 


Environment 


—10 to +55°C 
0 to +50°C 


— ~40 to +70°C 


95% non-condensing 


15, 000 feet 
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3./ Power 


Input Voltage 


Power Consumption 
Fuse 


Connectors 


3.8 Mechanics 


Width 
Height 
Depth 
Weight 
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+20 to +63V DC or 100-250 V AC, 


§0-60 Hz with optional AC adapter 
28W @ +24V DC, 30W @ +48V DC 


2 Amp 3AG (fast-blow) 
Barrier strip, plug-in type and DB9 female 


17.2” (for 19” EIA rack mounting) 
3.5” (2 rack units) 


q 5" 


13 lbs 


3.9 Regulatory Information 


__ FCC Identifier 
Rule Parts 


Frequency Range 


- _ Maximum Output Power 


Industry Canada Identifier _ 


IC Rule Parts 


--HZB-LYNX26 


15.247 


6725 - 5850 MHz 
420dBm 


-2028-101-360A 
—RSS210 
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4.1 Controls (Front Panel) 


4.1.1 245-1 Test Switch 


The miniature 2'°-1 test switch is located on the front edge of the modulator 
card and is accessible by removing the front cover. The normal position for 
this switch is to the left. When moved to the right, a 2'%-1 test signal is 
activated (see Figure 4-1). This test signal completely interrupts the data 
signal and should only be activated out-of-service. When activated, a red 
LED adjacent to the switch (labeled 2'°-1 TEST) will flash. 


The purpose of this test signal is to generate a DS-1 test pattern that can be 

recognized by a BER (bit error rate) test set, such as a FIREBERD. The 2'°-1 

test signal is completely compatible with the FIREBERD and will register no 

errors when used with this test set. As a result, a complete performance 

check may be made using the test generator inside the LYNX 6 with a simple 
5) BER test set over an actual long distance link. 


4.1.2 Transmitter Output Power Adjustment 


The transmitter output power may be electronically adjusted using the 
control, VR5, as shown in Figure 4-1 and as descibed in Section 6.9. 


There are no other user controls on the LYNX 6 terminal, (except straps and 
DIP switches: see Section 7, Adjustments). 


MOD ALM 
CI XMTR ALM 


] 


[3 DATA LOSS 


@ [ay 
| | Heats 


fy 24 15-1 TEST 


VR5 
XMTR OUTPUT POWER ADJUSTMENT 
RECESSED 2 INCHES 
ADJUST WITH SUPPLIED TUNING TOOL ONLY 


Figure 4-1: Inside Front View 
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4.2 Indicators (Front Panel) 


The following indicators are provided on the front of the modulator card: 


, 
% 


K2 
~ 


o, 
“ye 


o, 
~ 


MOD ALM 


XMTR ALM 


BPV 


DATA LOSS 


AIS 


21-1 TEST 


LOOPBACK 


Indicates red if the modulator fails to 
produce 70 MHz output signal. 


Indicates red if the transmitter synthe- 
sizer is unlocked. 


Bipolar violation alarm: indicates red if 
the incoming data stream contains bipo- 
lar violations. 


Indicates red if no incoming data is re- 
ceived into the transmitter. Data Loss is 
activated when the input signal drops 
below 0.97 volts for 175 bit times and is 
de-activated as soon as the input signal 
level rises above 0.97 volts. 


Indicates red when AIS is activated (de- 
tects a string of 2316 ones with no more 
than 1 zero. AIS is deactivated when 3 
or more zeros are detected after the AlS 
detection). 


Flashes when slide switch is set to 
2'5—1 TEST. 


Indicates automatic data loopback has 
been activated. (Only available if op- 
tional remote loopback option card is 
installed.) 
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The following indicators are provided on the front of the demodulator card: 


“~ EYE Indicates red if the received | and Q eye 
voltage drops below the EYE monitor 
alarm threshold. The EYE threshold is 

close to a BER of 1 x 10°. 


2%, 
~ 


RF LOW Indicates yellow if the received RF sig- 
nal level (as monitored at the AGC | 
voltage) drops below approximately 
— 80 dBm. 


¢« RF OVERLOAD Indicates yellow if the received RF level 
exceeds approximately —30 dBm. 


« CHIP SYNC LOSS Indicates red if the incoming receive 
chip rate signal loses sync lock (occurs 
at. BER) > 107). 


¢« RCVR ALM Indicates red if the receiver synthesizer 
oo) is unlocked. 
« AIS Indicates yellow when the outgoing data 


is “ALL ONES?” to the Transmit Line Out. 
(This will occur when the data received 
from the demodulator contains errors 
above 1 x 10°° BER andif AlS is selected 
(ON) via the front edge switch S1, posi- 
tion 7). 


, 
~~ 


PS FUSE Power supply fuse alarm: indicates red 
if the DC supply is applied but the inter- 
nal fuse has blown. (A spare fuse is 
located on the power supply card.) 
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4.3 Test Points 
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4.3.1 Front Panel Test Points 


To access the front panel test points remove the front cover. All test points 
are protected against accidental short circuit. 


The following test points are provided on the front edge of the modulator card: 


« VAR 

“#  +10V 

% +5V“B” 
~ +5V 

*  -19V 

te poles 


Transmit DC varactor bias voltage: when the trans- 
mit synthesizer loop is locked so that the transmitter 
L.O. is on frequency, and the synthesizer VCO is 
centered, the VAR bias voltage should be -5.5V 
+0.5V at room temperature. (The free running 
VCO frequency is adjusted by the FREQ ADJ 
control on the transmit RF assembly to lock and 
center the synthesizer, if required.) The bias volt- 
age should change over temperature and typically 
is -4.5V at -30° C and -7.5V at +50° C. 


Regulated power bus produced on board, +10V 
£0.5V. 


Regulated power bus produced on board, +5V 
£0.25, 


Regulated power bus produced on board, +5V 
+0.25V. 


Regulated power bus produced by power supply, 
-19V +0.75V. 


Ground, OV. 


The following test points are provided on the front edge of the demodulator card: 


~ CLOCK 


K2 
~ 


AGC | 


Receive TTL clock rate signal (772kHz/1.544 MB/s) 
extracted prior to de-scrambling and NRZ/BP con- 
version. 


The AGC voltage is monitored at this test point. It 
is calibrated against receive signal level (RSL). 
See Figure 4-2 for a typical AGC vs. RSL curve. 
(The RSSI test point is recommended for measur- 
ing RSL - not the AGC voltage). 
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“ EYE | AMP 


*% EYE Q AMP 


~ VAR 

“ RSSI 

“~ +10V 

*  +10V “B” 
“~ +5V 

% -15V 

~ EYE | 

“ EYE Q 
oie 
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DC voltage produced by the! EYE tracker circuit. 
Nominal voltage is +3.0V to 3.5V, degrades to 
titey av Bem —t0-. 


DC voltage produced by the Q EYE tracker circuit. 
Nominal voltage is +3.0V to 3.5V, degrades to 
THrevoal DeER= 10>. 


Receive DC varactor bias voltage: when the re- 
ceive synthesizer loop is locked so that the receiver 
L.O. is on frequency and the synthesizer VCO is 
centered, the VAR bias voltage should be -5.5V 
+0.5V at room temperature. The bias voltage 
should change over temperature and typically 
is -4.5V at -30° C and -7.5V at +50° C. (The free- 
running VCO frequency is adjusted by the FREQ 
ADJ control on the receive RF assembly to lock 
and center the synthesizer, if required.) 


DC voltage indicating the Receive RF Input Level. 
Itis calibrated against Receive Signal Level (RSL). 
See Figure 4-2 for typical RSSI vs. RSL curve. 


Regulated power bus produced on board, +10V 
£025: 


Regulated power bus produced on board, +10V 
OOM: 


Regulated power bus produced on board, +5V 
£0. 20V. 


Regulated power bus produced on board, +15V 
+057 


| demod baseband output prior to the data slicer at 
1V p-p. Can be used to display receive EYE 
pattern, TTL 772 kHz / 1.544 MB/s. 


Q demod baseband output prior to the data slicer 
at 1V p-p. Can be used to display receive EYE 
pattern, TTL 772 kHz / 1.544 MB/s. 


Ground, OV. 
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Nominal 
Operating 
Range 
5 ae 
: an 
8 = 
7 
6 
” Errors may be 
a 5 
= present above 
4 -—30 dBm RSL 
3 
2 
1 
O 
RSL (dBm) 
Measured at the antenna port 
10°° BER Specification (-88 dBm) 
~ 7 
0). The RSSI voltage is more accurate than the AGC for 
= estimating RSL level. Use RSSI voltage for: 


“ peaking antenna alignment 
¢* measuring receive level 


“+ measuring interference level 
(with far end transmitter turned off.) 


Figure 4-2: Typical AGC and RSSI vs. RSL Curve 
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4.3.2 Rear Panel Test Points 


The following test points are provided on the power supply (at the rear of the 
shelf). To access the rear panel test points remove the rear cover. All test 
points are protected against accidental short circuit. 


“ BATT (TB1) DC input voltage applied to the shelf. 
Nominal voltage range is +20V to +63V 
DC. 

“ +VOLT (TP2) +11V +0.5V bus produced by the power 
Supply unit. 

“% -VOLT (TP4) -19V +0.5V bus produced by the power 
supply unit. 

“ GND (TP1) Chassis ground. 


ANTENNA ((7 


DIGITAL LINE INTERFACE 


ALARM INTERFACE O 


POWER SUPPLY CARD 


Not to scale. Details enlarged for better viewing. 


Figure 4-3: Inside Rear Panel (Cover Removed) 
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-VDC 


+VDC 


ALARM INTERFACE 


+20 TO +63VDC 
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DIGITAL LINE INTERFACE 


“DO MONITOR 


DIRECT DC INPUT EXTERNAL AC-DC ON LINE e | 
POWER SUPPLY 


Figure 4-4: Rear Panel 


4.4 Connectors 


All user connectors are on the rear of the shelf accessible without removing 
the rear cover: see Figure 4-4 for location. 


o, 
~ 


ANTENNA 


« DC PWR SUPPLY 


~ +20 —-+63VDC 


¢ ALM INTERFACE 


¢ DIGITAL LINE 
INTERFACE 


N-type female RF connector, common 
port for transmitter and receiver; con- 
nects to antenna via 50 ohm transmission 
line. 


DC power input connector used with 
optional AC power supply 35105. The 
AC power supply is supplied with the 
mating DB9 connector. 


DC power input connector: +20 to +63V 
at 30W max. Refer to Section 6.7 for 
more information on this connector. (Mat- 
ing connector provided in Accessory Kit.) 


Alarm connections, 25-pin, D-type fe- 
male connector. Refer to Section 6-10 
for more information on this connector. 
(Mating connector provided in Acces- 
sory Kit.) 


100 ohms balanced 15-pin, D-type fe- 
male connector (line receive and 
transmit). DB15 connectors are used to 
interconnect DS-1 to LYNX 6. 
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DATA IN ON LINE DS-1 input (line receive) signal on 
Bantam jack to LYNX 6transmitter. 
Used to connect test equipment 
with the LYNX 6. 


DATA OUT ON LINE DS-1 output (line transmit) signal on 
Bantam jack from LYNX 6 receiver. 
Used to connect test equipment 
with the LYNX 6. 


DATA IN MONITOR DS-1 input - bridged monitor at 
data input (line receive, DSX- 
MON, —20 dB). 


DATA OUT MONITOR DS-1 output - bridged monitor at 
data output (line transmit, DSX- 
MON, —20 dB). 


$1 signal from # the - 
fatness to the line; i 


When Bantam plugs are inserted into the ON LINE DATA IN 
and DATA OUT jacks, the DS-1, 15 pin, D-type interface is 
isolated and inoperative. 


When Bantam plugs are inserted into the MONITOR DATA 
IN and DATA OUT jacks, the DS-1, 15 pin, D-type interface 
is unaffected and the monitored level is -20 dB down from 
ON LINE amplitudes. 
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4.5 Remote Loopback Option (24112) 


4.5.1 Description and Operation 


A field upgradable plug-in remote loopback option card (24112) may be 
installed into the vertical edge connector socket on the 27110 modulator 
board. When installed, field personnel may initiate a far end remote loopback 
by activating the 2'°-1 DATA switch (see Figure 4-1). The far end demodu- 
lator, after receiving approximately one second of error free 2'°-1 test 
pattern, will initiate a loopback condition and return the demodulated data 
via the far end modulator and transmitter to the near end. This will facilitate 
testing the communications path data integrity and measure fade margin. To 
release the remote loopback configuration, one needs to simply stop 
sending the 2'*1 test pattern by selecting the DATA position of the 2'°-1 DATA 
switch. 


The red LED labeled LOOPBACK on the front edge of the modulator card will 
flash approximately twice a second when the remote loopback is activated. 
In addition, when the 21 DATA switch is selected, that modulator will 
defeat the remote loopback circuitry and will not recognize and activate on 
an incoming 2'°—1 test pattern provided by the companion demodulator. This 
feature will allow both far end and near end terminals to transmit and receive 
the 2'°—1 test pattern without going into a cyclic on and off remote loopback 
condition. 


24112 


@) Far 


end 
activates 


NEAR END FAR END loopback 


Figure 4-5: To Activate Remote Loopback 


Cc Remove loopback by restoring the 2'°—1DATA Switch to nor- 
mal. If both near end and far end 2'°—1DATA Switches are 
activated, no loopback will occur. 


Do not use an external source to generate the 2'°—1 loopback 
test signal because this will cause a loopback at both ends 
of the link in an oscillating condition. 
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4.5.2 Installation 


@ The plug-in units contain circuitry and components which 
are sensitive to and can be damaged by electro-static shock 
discharge. When handling the plug-in units care should be 
taken to avoid damage by electro-static stock discharge. 
Handle the plug in units by the sides of the printed circuit 
card only. If the unit is to be packaged for shipment, it should 
be wrapped in material that prevents damage from electro- 
static discharge. 


1. Refer to Section 7.5 for removal of transmit unit. 


2. Use accessory kit ACC-35112. Install the two card guides into the 
predrilled holes in the modulator printed circuit board using the hard- 
ware provided. 

3. Remove the four yellow jumper plugs (E7) located near the rear PC 
board edge of the modulator. These jumper plugs should not be 
discarded but kept in a safe place. They are required when there is 
no loopback card. 


Co) =m It may be necessary to remove the SMA cable that is 


connected to the RF amplifier to gain access to the jumper 
plugs 


Front Edge Of Modulator Board 


Ss) Figure 4-6: Remote Loopback Card Installation and 
Location of Jumper Plugs (E7) on LYNX Modulator Board 
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4. Inspect the remote loopback card for the correct position of the E2 


jumper plugs. 


For T1 applications (1.544 Mbps) orient the jumpers horizontally. 


Install the loopback card in the the card guides and ensure the con 
nector is pressed into the socket firmly. Reconnect the SMA cable to 
the RF amplifier, if previously removed. 


_ Re-insert the modulator assembly into the LYNX chassis and connect 


the SMA cable to the RFF filter. 


The installation is now complete. Operation of the 2'°—1 test switch on the 
associated L YNX radio will now operate the remote loopback card. 
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Jumper Plugs 


Figure 4-7: 


Remote Loopback Card 
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4.6 AC Power Supply Option (35105) 


The optional AC power supply, 35105, operates from any AC voltage 100V 
- 250V and 50 Hz or 60 Hz. The 35105 supply is equipped with a DB9 
connector which plugs directly into the LYNX 6 and a 3 pin AC plug. 


LYNX REAR PANEL 


, ANTENNA 


-VDC 


ALARM INTERFACE oe svc 


DIRECT DC INPUT EXTERNAL AC—DC 
+20 TO +63VDC POWER SUPPLY 


35105 
POWER 
SUPPLY 


(attached) 


AC Cord: 
6 FEET 


AC 
WALL 
SOCKET 


DIGITAL LINE INTERFACE 
MONITOR 
ON LINE 


IN OUT 
\— AUX 


AC Cord Color Code 


L (line) 


N (neutral) 
G (ground) 


Figure 4-8: AC Power Supply 
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Your Notes On The LYNX 6 Radio 
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5.1 LYNX 6 Equipment Interchangeability 
and Spares 


If you have a spare LYNX 6 terminal, it will contain enough active units to 
cover at least one failure in the link. The spare terminal will be factory tuned 
to one of the six possible RF frequency channels (either A1, A2, B1, B2, C1, 
or C2). If the spare terminal is being used to replace a LYNX 6 terminal that 
is on the same RF channel then the spare terminal may be installed 
complete, in place of the previously operating terminal. 


If the spare terminal is being used to replace a previously operating terminal 
thatis ona different RF channel, then a direct swap of terminals will not work. 
In this case, a plug-in module from the spare terminal must be used to 
replace the plug-in module that has failed. Each spare plug-in module (either 
the transmit unit or the receive unit) is fully interchangeable with a unit that 
is on a different RF channel once the synthesizer has been set to the correct 
RF frequency. 


The LYNX 6 terminal shelf also contains a transmit and a receive FF filter: 
both filters are fixed tuned to the RF channel pair designated. Transmit and 
receive RF filters may be interchanged with no loss of performance, if 
required. 


For example, an A1 LYNX 6terminal may be reconfigured as an A2 terminal 
by swapping RFF filters and resetting the transmit and receive synthesizers. 
(However an A1 LYNX 6 terminal may not be reconfigured for B1, B2, C1, 
or C2 channels without new RFF filters.) 


Cc The RF channel is designated on the ID label which is placed 
on the rear right side of the LYNX 6 terminal. The System 
Number is shown on the ID label as 24000-xx where xx is the 

RF channel designation (A1, A2, B1, B2, C1, or C2). 


A spare LYNX 6 unit may be interchanged with no restrictions or adjust- 
ments. 


Ne 
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Table 5-A: Interchangeability 
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5.2 Link Distance and Propagation 


Planning a microwave system is fairly straightforward, but requires some 
attention to detail. The L YNX 6is designed for point-to-point links with typical 
distances up to 40 miles. The actual link distance or path length is primarily 
dependent upon achieving a line-of-sight between the antennas. The LYNX 
6will not go through trees, buildings or mountains. (If you can see the far end 
then the link should work well.) The LYNX 6is unaffected by fog, rain or other 
environmental hazards such as smog or haze. So, onaclear sunny morning 
have someone flash a mirror back from the far end if you are unsure whether 
there is a clear line-of-sight. 


As the link distance increases, the system availability due to path fading will 
deteriorate. This can be mitigated by selecting larger antennas, but in 
general, shorter paths work better than longer paths. See Section 5.5 for 
calculations of link budget and Section 5.6 for calculations of availability vs. 
path length for different antenna sizes. 


In general, spread spectrum microwave links propagate identically to non- 
spread microwave (so the same path loss, clearance and availability formu- 
las work well). 


At the time of this writing, users in the United States have no 

ce transmitter output power restrictions when using directional 
antennas. However, users in Canada are subject to effective 
isotropic radiated power (EIRP) restrictions. Path distance 
may be limited by these restrictions. Curves of EIRP limited 
performance are shown in this chapter. The equations 
provided can be used to estimate link performance. Consult 
Section 6.9 for further details. 
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5.3 Site Selection 


The proposed site must have: 
~ access to power 


~ close proximity to the telephone or computer system you wish to 
interconnect 


, 
“ 


line-of-sight to the other proposed location (preferably with some 
clearance) 


“ location for mounting the antenna 
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5.4 -Line—of-Sight and Path Clearance 


The line-of-sight is the most critical site selection requirement and should 
include a Fresnel Zone clearance to avoid signal loss. The Fresnel Zone 
clearance is 0.6 times the first Fresnel distance, which is approximately 30 
feet at the midpoint of a 10 mile path or 57 feet at the mid-point of a 40 mile 
path. 


See Appendix D for formulas for calculating Fresnel distance. 


This clearance is in addition to clearance for terrain, earth curvature, 
buildings and trees. The midpoint clearance for earth curvature is approxi- 
mately 13 feet fora 10 mile path, and approximately 200 feet for a 40 mile path. 


Also, see Appendix D for formulas for calculating earth curvature clearance. 


Clearance for buildings and trees should also be determined by directly 
Surveying the path. 


For short paths clearance is usually a simple visual check. 


For long paths, clearance requires plotting a terrain elevation path profile, 
allowing for earth curvature over the path and adding locations and heights 
of buildings and trees at critical points along the path. Then the line-of-sight 
path is added with a Fresnel Zone clearance. No additional clearance is 
required or desired. Excess clearance may result in the reception of delayed 
echoes from reflected signals which can degrade system performance. 


A commonly used path clearance criteria for a low capacity path is: 


~ 0.6 F, + Earth curvature + 10’ when K=1 


a a SB I TS SB SSP SRE SE SESS FEES EES SBS SEE SSS a Sa SSS 
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5.5 Link Budget 


The link budget is a method of balancing the gains and losses in the system 
design to determine the expected receive signal level (RSL) and the fade 
margin. The recommended or nominal RSL for the LYNX 6 is in the range 
—40 dBm to —70 dB at the antenna port. 


To calculate the expected receive signal level, use the following formula: 


RSL (dBm) = OP + 2G-— PL-2FL 


where: ~ RSL is the receive signal level in dBm 
“~ OP is the transmitter output power 
~ G is the antenna gain in dB at each end 


(29 dB 2’, 35 dB 4’, 38 dB 6’, 41 dB 8’) 


~ FL is the feeder loss in dB at each end 
(6.6 dB per 100 feet for 1/2" diameter coax cable) 


and ~ PL is the path loss in dB, which is found from: 
PL (dB) = 96.6 + 20 log,, F +20 log,, D 
~ F = 5.8 (the frequency in GHz) 


% D = distance in miles 


SS ca 
bs (ps This formula says that on a 15 mile path with 4' antennas and 
100' of coax cable at the receive end the RSL will be -53 dBm 
if everything is lined up perfectly. You can expect error-free 
performance. 


The fade margin of the link is simply the number that is the difference 
between the RSL and the receiver threshold. This number (in dB) shows the 
extra path loss that may be accepted (due to fading) before the link crashes. 
Fade margins are desired for highly reliable systems especially for long path 
lengths (greater than 15 miles). 


The typical fade margin available for the LYNX 6 (at the nominal RSL) is in the 
range of 50 dB to 20 dB with nominal RSL levels of -40 dBm to —70 dBm. This 
amount of fade margin exceeds the minimum necessary for a highly reliable 
system. A good fade margin will also improve the interference margin, which is 
a key issue when planning a link under shared conditions. Tables 5-B through 
5-E show how the fade margin is dependent on path length and antenna size, 
using different transmission line (coax or waveguide), and with or without EIRP 
restrictions. 
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Fade Margin (dB) 


aliases 
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Distance (miles) 


Calculated for LYNX 6 radio with: 
—_A——_ 2 Ft Antenna 

“ Tx Power = +20 dBm nominal 
“ Frequency = 5.8 GHz ——a—— 4 Ft Antenna 
“ Transmission Line = 100' LDF 4-50 (1/2", 6.6 dB/ 
100') at both ends —_@— 6 Ft Antenna 


Path Loss Formula is: —_>—— 8 Ft Antenna 


PL (dB) = 96.6 + 20 log,, F + 20 log,, D 
“ F =Frequency in GHz 
« D= Path Length in Miles 


Table 5-B: Fade Margin (dB), Coaxial Cable 
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Calculated for LYNX 6 radio with: 


—_A——- 2 Ft Antenna 
“ Tx Power = +20 dBm nominal 
“ Frequency = 5.8 GHz ——a——_ 4 Ft Antenna 
* Transmission Line = 100' EW52 Waveguide (1.3 
dB/100') at both ends —?—_ 6 Ft Antenna 
Path Loss Formula is: —>—8 Ft Antenna 


PL (dB) = 96.6 + 20 log,, F + 20 log,, D 
“ F = Frequency in GHz 
« D = Path Length in Miles 


Table 5-C: Fade Margin (dB), Waveguide 
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Distance (miles) 


Calculated for LYNX 6 radio with: 
—A— 2 Ft Antenna 

“ Tx Power = +6 dBW EIRP (+36 dBm) 

% Frequency = 5.8 GHz —_ma—_ 4 Ft Antenna 
“Transmission Line = 100' LDF 4-50 (1/2", 6.6 dB/ 
100') at both ends —@—- 6 Ft Antenna 


Path Loss Formula is: —_>—— 8 Ft Antenna 
PL (dB) = 96.6 + 20 log, F + 20 log,, D 


“<  F = Frequency in GHz 
¢ D=Path Length in Miles 


Table 5-D: Fade Margin (dB), Coaxial Cable 
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Fade Margin (dB) 


Calculated for LYNX 6 radio with: 


* Tx Power = +6 dBW EIRP (+36 dBm) 
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Distance (miles) 


—_A—— 2 Ft Antenna 


“ Frequency = 5.8 GHz ——m—— 4 Ft Antenna 


“Transmission Line = 100' EW52 Waveguide (1.3 


dB/100') at both ends —@—-6 Ft Antenna 
Path Loss Formula is: —>——8 Ft Antenna 
PL (dB) = 96.6 + 20 log,, F + 20 log,, D 


2, 
Xd 


>, 
~ 


F = Frequency in GHz 
D = Path Length in Miles 


Table 5-E: Fade Margin (dB), Waveguide 
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5.6 Availability 


Availability of the microwave path is a measure of the percent of time that the 
link will operate without producing an excessive BER due to multipath fading. 


The BER performance level recommended for determining availability is 1 error 
in 10° bits (BER = 1x 10°): This is the specified receiver threshold. [This level 
is a more conservative level than the traditional outage performance planning 
level for voice applications, which is 1 error in 10° bits (BER = 1x 107).] 


The path availability is not based on reliability figures of the equipment (such 
as MTBF) but on the probability of outage due to atmospheric changes that 
cause multipath fading. 


Table 5-F shows the relationship between system availability and outage time. 


It is important to design the system for the appropriate availability based on 
the acceptable outage time for the application. 


For critical applications, amaximum outage of 5 minutes per 
(2 year (99.999 % availability) is recommended. 


cee For continuously used but non-critical applications an out- 
! age of 1 hour per year (99.99% availability) is recommended. 


eae For occasionally used, less important applications an outage 
A of 100 hours per year (99.0% availability) may be acceptable. 
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In the absence of radio interference, factors which affect the ability of the 
system to meet a given availability are as follows: 


“~ path length 

~ frequency (given at 5.8 GHz for the LYNX 6) 

“~ terrain (either smooth, average roughness or mountainous) 
~ climate (dry, temperate or hot and humid) 


“~ fade margin (if all other factors are pre-determined then the 
antenna size is the main variable that affects fade margin) 


Tables 5-G through 5-T show the calculated availability obtained for the 
LYNX 6 over different path lengths as a function of antenna size, transmis- 
sion line type, for terrain and climate combinations and EIRP limits (where 
applicable). It is assumed that the antenna size will be the same at each end 
and also that the transmission line connecting the LYNX 6 to the antenna is 
100' long. Longer, shorter, or a lower quality transmission line (with higher 
loss) will change the availability. The main use of the tables is to assist the 
selection of antenna size and transmission line. (Gee Appendix D for the 
availability formula). 


sss sooutace | 
AVAILABILITY| TIME 
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Table 5-F: Relationship Between System Availability & Outage Time 
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Calculated for LYNX 6 radio with: 


“ Tx Power = +20 dBm nominal 

“ Frequency = 5.8 GHz 

¢ Antenna Cable Length = 100ft each end 
“Feeder Loss (100ft) = 6.6 dB 

“ Feeder Type = 1/2” coax 
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21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 


Distance (miles) 


—_A——_ 2 Ft Antenna, 29 dB, 6° 


——m——. 4 Ft Antenna, 35 dB, 3° 


—@—_ 6 Ft Antenna, 38 dB, 2° 
— 8 Ft Antenna, 41 dB, 1.5° 


Table 5-G: LYNX 6 Percentage Path Availability, Coax Cable, 
Average Terrain, Temperate Climate, (T=1.00, C=.25) 
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Calculated for LYNX 6 radio with: 


Tx Power = +20 dBm nominal 
Frequency = 5.8 GHz 


Feeder Loss (100ft) = 6.6 dB 


* Antenna Cable Length = 100ft each end 


Feeder Type = 1/2” coax 


Distance (miles) € } 


—A—— 2 Ft Antenna, 29 aB, 6° 
——a——- 4 Ft Antenna, 35 aB, 3° 


—}— 6 Ft Antenna, 38 aB, 2° 
— > —8 Ft Antenna, 41 dB, 1.5° 


Table 5-H: LYNX 6 Percentage Path Availability, Coax Cable, 
Smooth Terrain, Humid Climate, (T=4.00, C=.5) 
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Calculated for LYNX 6 radio with: 


“ Tx Power = +20 dBm nominal 

“ Frequency = 5.8 GHz 

* Antenna Cable Length = 100ft each end 
“ Feeder Loss (100ft) = 6.6 dB 

“ Feeder Type = 1/2” coax 


Distance (miles) 


—A—— 2 Ft Antenna, 29 dB, 6° 


—a——_ 4 Ft Antenna, 35 dB, 3° 
—@—6 Ft Antenna, 38 dB, 2° 
—>—8 Ft Antenna, 41 dB, 1.5° 


Table 5-J: LYNX 6 Percentage Path Availability, Coax Cable, 
Mountainous Terrain, Dry Climate, (T=.25, C=.1) 
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Calculated for LYNX 6 radio with: 


Tx Power = +20 dBm nominal 

Frequency = 5.8 GHz 

Antenna Transmission Line Length = 100ft each end 
Feeder Loss (100ft) = 1.3 dB 

Feeder Type = EW52 waveguide 


KP io %, o, o, 
“ “~ “ “ “se 


—_A——- 2 Ft Antenna, 29 dB, 6° 


——m——- 4 Ft Antenna, 35 aB, 3° 


—@— 6 Ft Antenna, 38 dB, 2° 
—_>— 8 Ft Antenna, 41 dB, 1.5° 


Table 5-K: LYNX 6 Availability, Waveguide, 
Average Terrain, Temperate Climate, (T=1.00, C=.25) 
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Calculated for LYNX 6 radio with: 
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Distance (miles) 


—_A——- 2 Ft Antenna, 29 dB, 6° 


Tx Power = +20 dBm nominal 
Frequency = 5.8 GHz —m—— 4 Ft Antenna, 35 dB, 3° 
Antenna Transmission Line Length = 100ft each end 
Feeder Loss (100ft) = 1.3 dB —_@—_ 6 Ft Antenna, 38 dB, 2° 


Feeder Type = EW52 waveguide 
—>——8 Ft Antenna, 41 dB, 1.5° 


Table 5-L: LYNX 6 Availability, Waveguide, 
Smooth Terrain, Humid Climate, (T=4.0, C=.5) 
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Calculated for LYNX 6 radio with: 


>, o, 0, 
% “ye % 


Tx Power = +20 dBm nominal 
Frequency = 5.8 GHz 
Antenna Transmission Line Length = 100ft each end 


“+ Feeder Loss (100ft) = 1.3 dB 


“ Feeder Type = EW52 waveguide 
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Distance (miles) 


—_A—— 2 Ft Antenna, 29 dB, 6° 


——m—— 4 Ft Antenna, 35 dB, 3° 


—_@— 6 Ft Antenna, 38 dB, 2° 
—>—8 Ft Antenna, 41 dB, 1.5° 


Table 5-M: LYNX 6 Availability, Waveguide, 
Mountainous Terrain, Dry Climate, (T=.25, C=.1) 
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Distance (miles) 


Calculated for LYNX 6 radio with: 


—A—— 2 Ft Antenna, 29 dB, 6° 
Tx Power = +6 dBW EIRP (+36 dBm) 


“ Frequency = 5.8 GHz —m——_ 4 Ft Antenna, 35 aB, 3° 
“ Antenna Cable Length = 100ft each end 
“+ Feeder Loss (100ft) = 1.3 dB —@—6 Ft Antenna, 38 dB, 2° 


Feeder Type = 1/2” coax 


—_— 8 Ft Antenna, 41 dB, 1.5° 


Table 5-N: LYNX 6 Percentage Path Availability, Coax Cable, 
Average Terrain, Temperate Climate, (T=1.00, C=.25) 
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Calculated for LYNX 6 radio with: 


“« Tx Power = +6 dBW EIRP (+36 dBm) 


“ Frequency = 5.8 GHz 


“ Feeder Loss (100ft) = 1.3 dB 


“ Feeder Type = 1/2” coax 


* Antenna Cable Length = 100ft each end 


Distance (miles) 


—A——. 2 Ft Antenna, 29 aB, 6° 


——_m—— 4 Ft Antenna, 35 aB, 3° 


—@—6 Ft Antenna, 38 dB, 2° 
—>—8 Ft Antenna, 41 dB, 1.5° 


Table 5-P: LYNX 6 Percentage Path Availability, Coax Cable, 
Smooth Terrain, Humid Climate, (T=4.00, C=.5) 
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Calculated for L YNX 6 radio with: 


—_A—— 2 Ft Antenna, 29 dB, 6° 


“ Tx Power = +6 dBW EIRP (+36 dBm) 


“* Frequency = 5.8 GHz —m—_ 4 Ft Antenna, 35 dB, 3° 
«Antenna Cable Length = 100ft each end 


¢ Feeder Loss (100ft) = 1.3 dB —@—6 Ft Antenna, 38 dB, 2° 
“ Feeder Type = 1/2” coax 
—>— 8 Ft Antenna, 41 dB, 1.5° 


Table 5-Q: LYNX 6 Percentage Path Availability, Coax Cable, 
Mountainous Terrain, Dry Climate, (T=.25, C=.1) 
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Calculated for LYNX 6 radio with: 


—_A——2 Ft Antenna, 29 dB, 6° 


“ Tx Power = +6 dBW EIRP (+36 dBm) 


“ Frequency = 5.8 GHz ——m—— 4 Ft Antenna, 35 dB, 3° 
“Antenna Transmission Line Length = 100ft each end 


“ Feeder Loss (100ft) = 1.3 dB —@—-6 Ft Antenna, 38 dB, 2° 
* Feeder Type = EW52 waveguide 
—_ 8 Ft Antenna, 41 dB, 1.5° 


Table 5-R: LYNX 6 Availability, Waveguide, 
Average Terrain, Temperate Climate, (T=1.00, C=.25) 
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Calculated for LYNX 6 radio with: 


—_A——- 2 Ft Antenna, 29 dB, 6° 


“ Tx Power = +6 dBW EIRP (+36 dBm) 
“ Frequency = 5.8 GHz —m—_ 4 Ft Antenna, 35 aB, 3° 
«Antenna Transmission Line Length = 100ft each end 
“~ Feeder Loss (100ft) = 1.3 dB —@—6 Ft Antenna, 38 aB, 2° 


“ Feeder Type = EW52 waveguide 
—>—8 Ft Antenna, 41 dB, 1.5° 


Table 5-S: LYNX 6 Availability, Waveguide, 
Smooth Terrain, Humid Climate, (T=4.0, C=.5) 
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Calculated for LYNX 6 radio with: 
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Tx Power = +6 dBW EIRP (+36 dBm) 
Frequency = 5.8 GHz 

Antenna Transmission Line Length = 100ft each end 
Feeder Loss (100ft) = 1.3 dB 
Feeder Type = EW52 waveguide 


Distance (miles) 


2. 3 4: 5 6 7 8. 9 10, 41512, 1351415 16.5517 316019" 20.21 22 e 2s ae 


—_A——- 2 Ft Antenna, 29 dB, 6° 


——a——- 4 Ft Antenna, 35 dB, 3° 


—@—-6 Ft Antenna, 38 dB, 2° 
—> 8 Ft Antenna, 41 dB, 1.5° 


Table 5-T: LYNX 6 Availability, Waveguide, 
Mountainous Terrain, Dry Climate, (T=.25, C=.1) 
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5.7 Interference Countermeasures and 
System Design 


The recommended interference countermeasures available to the LYNX 6 
operator are as follows: 


A: Short Paths 


The single most effective countermeasure against interference is to main- 
tain “short path” length. This may be achieved by dividing long paths into 
multiple small paths by cascading hops. Intermediate repeaters may be 
formed using back-to-back LYNX 6 terminals and transmit output power 
reduced, if required. 


By definition, “short path” is defined as a path where fades are extremely rare 
and signal levels vary by no more than +3 dB during fades. This distance will 
vary with the RF frequency and at 5.8 GHz, “short path” is defined as any 
path length shorter than 5 miles. 


2. Narrow Beam Antennas 


This is the next most effective countermeasure. Narrow beam antennas 
ensure that the transmitted power is sent in a single direction and this 
minimizes the possibility of causing interference inadvertently to other 
users. Narrow beam antennas also reject off-azimuth signals being received 
from potential sources of interference and have high gain which boosts 
wanted receive levels and improves the carrier to interference ratio. When 
selecting narrow beam antennas, it is helpful to know larger antennas 
generally outperform smaller antennas. Another important antenna specifi- 
cation is the front-to-back ratio which ensures rejection of unwanted signals 
from azimuth angles behind the antenna. 


3. Frequency Selection 


This is another very effective countermeasure. The LYNX 6 contains 
independent frequency synthesizers for the transmitter and receiver, and 
has an IF filter that is able to reject interference more than 10 MHz away (see 
Figures 5-1 and 5-2) from the receive frequency. The LYNX 6 channel plan 
offers three duplex channel pairs, with 5.0 MHz guard bandwidth. Offset 
frequencies combined with other countermeasures may enable more than 
two receive channels to operate at a single hub site. Because of the limited 
spreading ratio used, frequency selection is more efficient than code 
selection for interference rejection when operating multiple L YNX 6 terminals 
at a single site. 
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4. Antenna Polarization 


Cross-polarized antennas can provide up to 30 dB discrimination of un- 
wanted signals. The actual discrimination will depend upon the antenna 
design and any rotation of polarization along the path. Discrimination only 
exists between two orthogonal polarizations: 


~ vertical vs. horizontal or 


“< left-hand circular vs. right-hand circular 


There is only 3 dB discrimination between circular and linear (vertical or 
horizontal) polarization. 


5. Code Selection 


There are 9 codes available for the LYNX 6 These codes are selected by DIP 
switches and provide some discrimination against interference from other 
LYNX 6 transmitters. The discrimination is limited to approximately 5-6 dB. 
This is the difference between the co-channel C/I when using different codes 
for the wanted and unwanted signals. When combined with a frequency 
offset, the code discrimination improves significantly beyond 5-6 dB. 


6. Transmit Power 


The maximum level into the receiver is —30 dBm. Above this level errors may 
occur in the receive data stream. Transmit output power should be reduced 
to avoid overload on short paths. 


SS “ 

mi (ps Interference countermeasures rely to some extent on the 

measurement of the received interference level and fre- 
quency. Prior to turning up a new hop, a spectrum analyzer 
could be used to monitor the spectrum at each end to check 
for possible interfering signals. Using “peak hold” on the 
spectrum analyzer, the spectrum between 5.7 GHz and 5.9 
GHz could be swept continuously for a period and any 
signals being received at levels of —70 dBm or more identi- 
fied. Then the LYNX 6 frequency plan can be reviewed to avoid 
a receive channel which may contain significant interference. 


RS te SR PE SP SS SE PS 


SECTION 5: SYSTEM PLANNING 


PAGE 5-26 


OPERATOR'S MANUAL | WESTERN? 
DIGITAL MICROWAVE RADIO MULTIPLEX 
SUNE 1996 CORPORATION 


A Glenayre Company 


5.8 Carrier/Interference Curves 


Figures 5-1 and 5-2 may be used to evaluate the performance of LYNX 6 in 
the presence of interference. They show the required level of protection for 
the wanted carrier against an unwanted interferer as a function of frequency 
separation under normal RSL (receive signal level) conditions. In both 
figures, the carrier power (C) and the interference power (I) are each 
measured as a total average RF power as shown on an RF power meter, not 
as a power density shown on a spectrum analyzer. 


Figure 5-1 shows that a C/I of about 7 dB is required for co-channel spread 
signals (for example, another LYNX 6 on the same frequency) but this has 
dropped to —1 dB at 10 MHz spacing. Because of the limited spreading ratio 
used in the LYNX 6, no improvement by selection of different codes should 
be assumed when planning reliable links. 


Figure 5-2 shows that a C/I of about 5 dB is required for co-channel CW 
(unmodulated carrier) signals, and this drops to —-14 dB at 10 MHz spacing. 


Therefore, LYNX 6 is well protected against interfering carriers unless they 
are co-channel, and somewhat less protected against other LYNX 6 trans- 
mitters. In fact, other LYNX 6 transmitters represent the worst case interfer- 
ence, with other modulated interferers yielding results somewhere between 
Figure 5-1 and Figure 5-2. 


| 

1M: When attempting to measure C/I on a spectrum analyzer, a 
eZ e correction must be made due to the resolution bandwidth of 
the spectrum analyzer. Typically the total RF power of the 
LYNX 6 RF signal is 17 dB higher than that shown with a 100 
kHz resolution bandwidth. 
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C/l [dB] 


fo-f, [MHz] 


Notes: 
1. Interfering signal is a spread similar to the desired carrier (20 MHz) 


2. C/l measured at BER = 10° 
3.  f.-f, [MHz] represents the difference in center frequency between 


desired spectrum and the interfering signals. 


Figure 5-1: C/I Curve, Spread Interferer 
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C/l [dB] 


Notes: 

1. Interfering signal is sinewave 

2. C/I measured at BER = 10° 

3.  f,-f, [MHz] represents the difference in center frequency between 


desired and interfering signals. 


Figure 5-2: C/I Curve, CW Interferer 
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5.9 Selecting the Antennas 


Having reviewed the system design considerations, you are now in a good 
position to select antennas. However, a few guidelines may be helpful. 


It is recommended to use at least a two foot diameter antenna in urban areas 
(regardless of the path length). This will improve interference immunity 
which is the key issue, especially in urban areas, by maintaining a narrow 
beamwidth. 


Better performance is likely to be achieved with a larger antenna, even if it 
is not optimized for the LYNX 6 frequency. (For example, many 6.2 GHz 
antennas will perform adequately for LYNX 6 at 5.8 GHz.) As a result, any 
antenna may be used, and if it provides a return loss of 20 dB or better at 5.8 
GHz, then no degradation in performance should be expected. 


The antenna is usually sized to meet interference and system availability 
needs. Check to avoid overloading the tower or other mounting structure. 
The antenna mounting hardware must provide adequate stability for the 
estimated windloading and be capable of fine azimuth and elevation adjust- 
ment for use when panning the antenna for maximum RSL. 


Peg Special antennas, such as flat panel types, are only for use 
i between adjacent buildings or for very short distance links. 
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5.10 Interconnections 


The interconnections required from the LYNX 6 are as follows: 


“ coaxial cable or waveguide (between antenna and the LYNX 6) 
~ DC power supply (+20 to +63V at 30W minimum) 

“~ DC power cable (20 AWG wire minimum, 2 conductor) 

“ user equipment with DS-1 interface 


~ shielded twisted pair cable (100 ohm, 2 pairs between user 
equipment and LYNX 6) 


~ alarm systems (optional) 


A separate manual is provided for L YNX 6Ginstallation but during the planning 
process it is important to consider the requirements of all equipment needed 
to complete the interconnections. 


1. Feeder 


The transmission line used to interconnect the LYNX 6to the antenna should 
be a low loss coaxial 50 ohm type or waveguide. For feeder runs over 200 
feet, waveguide (such as Andrews EWP - 52) is recommended: this trans- 
mission line has a loss of approximately 1.25 dB over 100' at 5.8 GHz. For 
shorter runs, coaxial cable may prove adequate (such as a LDF-4-50 type 
for up to 200 ft.). The coaxial cable should be fitted with an N-type male 
connector on the end to be connected to the LYNX 6 A short 3'-6' pigtail of 
smaller cable (Such as a RG-214 type) may be convenient when using larger 
cable. The pigtail should be connected between the LYNX 6 and the large 
coaxial cable. When installing the coaxial cable, care should be taken to 
avoid sharp bends or kinks and to support the cable at regular intervals to 
avoid sagging. The cable should also be grounded at both ends. 


Waveguide designed for use at higher frequencies may 

=e exhibit cut-off or moding at 5.8 GHz. If the waveguide is not 
specified for use at 5.8 GHz, it should be swept for adequate 
loss and return loss before use. 


om 1/2” diameter coax cable is an acceptable alternative to 

i waveguide, for short transmission line runs. 7/8” diameter 
coax cable (or larger) is not recommended for use at 5.8 
GHz. 
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2. Power Supply 


The LYNX 6 may be directly connected to a battery or DC supply capable of 
providing at least 30W at +24V or +48V. Alternatevely, if ordered with the 
35105 AC adaptor, the LYNX 6 may be powered by any 110/220/240 VAC 
50/60 Hz source. 


3. DC Power Cable 


The DC power cable connecting the LYNX 6to the DC supply is not a critical 
item. The recommended cable is a non-shielded 14 AWG 2 conductor type 
with a length of up to 50 feet. The DC power connector is supplied in the 
accessory kit. 


4. DS-1 User Equipment 


Any user equipment with a DS-1 interface may be successfully connected to 
the LYNX6. As the LYNX 6 does not contain traditional loopback, orderwire 
or BER performance monitoring equipment, an external CSU/DSU can be 
used to add these features. Alternately a channel bank could use a 
dedicated channel for the orderwire. It is generally assumed that a VHF 2- 
way radio, or a cellular telephone can be used for communications during 
installation. 


5. 11 Cable 


For the connection between the user equipment and the LYNX 6, a shielded 
twisted pair (STP) cable with 100 ohms impedance and 2 pairs is recom- 
mended. A subminiature 15-pin, D-type, male connector or two Bantam 
plugs are required to interface the STP cable with the radio interface. In 
order to preserve the pulse shape and integrity of the line (see Appendix C), 
the maximum recommended length of the STP cable is 1300 feet. The 
adjustable LBO (line build out) is factory set for 0-280 feet. 


6. Alarm Outputs 


Logic alarm outputs and a Form C Summary Alarm are provided for 
interconnection to external alarm reporting equipment. Alarms are not 
automatically reported from one LYNX 6 terminal to another. An external 
alarm reporting system is needed if this feature is necessary. For the 
connection between the external alarm reporting equipment and the LYNX 
6, a multiconductor shielded cable (up to 19 conductors) is recommended. 
A subminiature 25-pin, D-type, male connector is required at the LYNX 6end 
of the cable and is supplied in the accessory kit. Refer to the Appendices for 
more information on pin connections. 
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6.2 Location Considerations 


When selecting a location for the equipment at the installation site, consid- 
eration should be given to the following: 


X24 


, 
“ 


If the equipment is to be rack mounted, there should be 
sufficient space for mounting the equipment on the rack. It 
is desirable (although not required) to allow one space 
above and below LYNX 6 in the rack. If the system is 
integrated on a rack at the factory, there should be sufficient 
space to locate the rack at the installation site. 


The equipment should be located in close proximity to the 
antenna support structure to minimize the length and loss of 
transmission line. 


There should be acontrolled environment providing free air- 
flow and avoiding excessive heat sources. Ambient operating 
temperatures in the 20 - 25 degree C range are recom- 
mended. Air conditioning is not required, however operating 
temperature ranges shown in the specifications should be 
noted. Generally, higher ambient temperatures result in 
reduced lifetimes of electronic systems, such as LYNX 6. 


The equipment should be located in close proximity to the 
DC power source. 


The mounting location should allow ample space for rear 
access to the systems connections at the rear of the shelf. 


Adequate grounding to an external earth connection should 
be available. 


Locations suffering from excessive vibrations should be 
avoided. In general, any vibration transmitted to the 
LYNX 6 shelf should be minimized to ensure error-free 
data transmission. 
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6.3 Unpacking the Equipment 


The equipment is shipped in boxes unless ordered as an integrated system 
and configured at the factory, in which case the equipment is racked and 
shipped ina crate. The equipment is packaged so as to prevent damage in 
transit. 


The boxes should be left intact and sheltered until arrival at the installation 
site. Upon arrival, the boxes should be checked for signs of damage in 
shipment. Any signs of damage should be immediately reported to the 
transportation company. 


It is recommended that the packaging materials be retained until the 
equipment is fully installed and operational. In the unlikely event that the 
equipment must be returned to the factory, use the original packing material 
for return shipment. 


Follow the procedures described in the Setup Information Sheet attached to 
the front of the terminal. The Setup Information Sheet should be saved for 
future quick reference (for example, by placing it inside the cover of this 
manual). 


Also, save your LYNX 6 test data sheet that is inside the box. The plastic holder 
can be attached to the side of the rack in which the LYNX 6 terminal will be 
installed for future quick reference. All LYNX 6units are individually tested and 
the actual AGC, RSSI and VAR voltages recorded on the Factory Test Data 
Sheet. You will find this information to be of use during installation. 
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6.4 Inspection and Preparation of Equipment 


Please follow the check list below to complete the inspection and prepara- 
tion of yournew LYNX 6 terminal prior to making electrical connections. The 
packing material Within the radio Must be removed before applying power. 


1. Open Accessory Kit and identify the following parts: 


4 rubber feet 

2 rack mounting brackets 

1 DC power plug 

screws (for attaching rack mounting brackets) 
1 DB 25 plug (for connecting the alarm interface) 
1 DB 15 plug (for connecting the DS-1 interface) 


ok 
jo) 


2 If mounting the equipment in the rack attach the rack 
mounting brackets as described in Section 6.5. 


3. If placing on a table or shelf, attach the rubber feet as 
described in Section 6.6. rd 
4. Remove the front and rear covers of the LYNX 6 by 


pulling the four plastic retainers (gently). 


5; Remove the two plug-in units (disconnect both SMA 
cables at the RF filters and unscrew the center card 
retainer). 


RECEIVE RF CABLE 
==}==TRANSMIT RF CABLE a 


RF 
ed 


TRANSMIT 
RF ASSEMBLY LO TEST + 


CARD 
a RETAINER 
> 


> s 
9 Az as MODULATOR CARD 2 DEMODULATOR CARD 


re 


Figure 6-1: Inside Front View 
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10. 


Remove the 3 pieces of cardboard packing material. 


Remove the rear cover and remove the 1 piece of card- 
board packing material behind the rear cover. 


Inspect the modulator and demodulator boards and 
replace, ensuring that both are fully plugged into the 
power supply board at the rear of the shelf. 


Check inside the shelf and verify that none of the RF 
cables has become loose, disconnected or broken. 
(Contact the factory to return the LYNX 6 terminal if any 
damage has occurred.) Reattach the SMA cables, the 
retainer and the front and rear covers. 


Refer to Table 6-A, Standard Factory Configuration. If 
you need to change the LYNX 6configuration please consult 
Section 7 of the manual. 


"See Appendix B for frequencies. 


Table 6-A: Standard Factory Configuration 
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6.5 Rack Mounting 


The LYNX 6can be mounted at any height on a standard 19" rack. Blank rack 
mounting spaces above and below the LYNX 6 are recommended, espe- 
cially if the surrounding equipment dissipates a considerable amount of heat 
(over 50W). 


The LYNX 6 may be set up for mounting with the front edge projecting 5 
inches from the front face of a standard 19 inch rack using the rack mounting 
brackets enclosed with the screws in the Accessory Kit (4 per bracket). The 
rack mounting brackets may be reversed, in order to install for flush or 
cabinet mounting if preferred. 
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6.6 Other Mounting Options 


The LYNX 6 may be placed on a table or shelf attached to a wall. Because 
the LYNX 6has a low weight, any mounting option other than rack-mounting 
will be less secure. For table or shelf use, attach the four adhesive backed 
rubber feet included in the Accessory Kit. 
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6.7 Power Connection 


@ There is no ON/OFF switch on the LYNX 6. As soon as 
power is applied, the equipment will be operational. 
This means that there can be up to 1W of RF power 

present at the antenna port. 


6.7.1 DC Power Supply 


DC power should be connected using the DC power plug contained in the 
Accessory Kit. (See Table 6-B: DC Power Connection) 


Connect the power cable with adequate current rating to the terminals shown 
on the DC power plug using the screw connections. The recommended 
minimum current rating of external fuses and cables is 3 Amps. The LYNX 
6 consumes 1/2 Amp at 48V and 1 Amp at 24V, approximately, and is 
internally fused at 2 Amps. 


ae Each LYNX 6 terminal should be fused separately with a 
i 5 Amp maximum fuse. 


The negative power or battery supply is connected to terminals 1 or 6. 
(Either terminal or both may be used.) 


The positive power or battery supply is connected to terminals 3 or 4. 
(Either terminal or both may be used). 


A ground connection is available at terminals 2 and 5. Either terminal 
may be used to ground one side of the power supply. Do not ground both 
sides of the power supply. 


Use a DVM (digital voltmeter) to verify voltage and polarity on the DC 
power plug. 


Do not connect the DC power plug to the rear of the LYNX 6 terminal until 
aload is connected to the antenna port (either an RF pad, or an RF cable 
and antenna). 
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Table 6-B: DC Power Connection 


ce Terminals 1 and 6 are connected together on the mother- 
board. Either terminal may be used to apply (-Batt) DC 
power input. Similarly, terminals 3 and 4 are connected 
together on the motherboard and may be used to apply 

(+Batt) DC power input. 


ce For DC power return connection, connect to the opposite 
voltage terminal (either the -Batt or the +Batt). Depending on 
grounding requirements, you may also wish to connect the 

return to ground at the DC power plug on terminals 2 and 5. 


@ The radio will not operate properly unless the return connec- 
tion is made to the opposite polarity. If you choose to also 
ground the return, ground loops may occur, depending on 

rack and power grounding. 


@ The radio must be grounded to reduce susceptability to 
lightning. Either or both the return power connection and the 
chassis should be connected to ground, depending on 
external power supply and rack grounding thatis in place. All 
attempts should be made to minimize ground loops. 
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6.7.2 AC Power Supply Option (35105) 


The optional AC power supply, 35105, operates from any AC voltage 100V 
- 250V and 50 Hz or 60 Hz. See Figure 6-2 for connection details. The 35105 
supply is equipped with a DB9 connector which plugs directly into the LYNX 
6 and an AC card with a 3 pin AC plug. The AC cord color code is shown in 
Figure 6-2 in case users wish to replace the AC plug supplied with a different 
type of plug. 


LYNX REAR PANEL 


DIGITAL LINE INTERFACE 


_ MONITOR 
DIRECT DC INPUT EXTERNAL AC-DC : ON LINE e 


+20 TO +63VDC POWER SUPPLY 


35105 
POWER 
SUPPLY 


(attached) 


AC Cord Color Code 


L (line) 
N (neutral) 
G (ground) 
AC 
WALL 
SOCKET 


Figure 6-2: AC Power Supply 
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6.8 Digital Line Connection 


The DS-1 connection to the LYNX 6is at the Digital Line interface on the rear 
of the shelf. The transmit and receive pairs are wired at the same 15-pin, D-type 
subminiature connector in accordance with standard CCITT recommenda- 
tions for DTE (digital terminating equipment) operation. (See Figure 6-3 for 
pin connections. ) 


The 15-pin, D-type subminiature connector on the LYNX 6 shelf is a female 
connector. A mating male connector should be wired with twin shielded 
twisted pair cable as shown. Note that the shield must be wired to pin 2 or pin 
4 for grounding and not left floating. This arrangement is pin-for-pin compat- 
ible with interconnections for DCE (digital communication equipment e.g., a 
CSU/DSU) operation. When connecting to the DTE unit (e.g., video codec, 
or D4 channel bank) the jumper cable between the DTE and LYNX 6 must be 
wired with a cross-over between the Line Receive In and Line Transmit Out 
at one end, as shown in Figure 6-4. 


Alternatively, Bantam plugs may be used in place of the 15-pin, D-type 
subminiature connector. When the Bantam plugs are inserted into the ON 
LINE DATA IN and ON LINE DATA OUT ports, the 15-pin, D-type subminia- 
ture connector is isolated and inoperative 
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Line transmit out + DS-1 


; Line transmit out OUT 
Gnd rh 
DS-1 Line receive in 3 
IN Line receive in 
Gnd rh 2 
iS 
6 
7s 
8 


Figure 6-3: Pin Connections, DS-1 Interface 


DA 15P DA 15P 
3 3 
11 11 
1 1 
9 9 
4 


(D4 Channel Bank, 
Video Codec, etc.) 


Figure 6-4: DTE-DCE Jumper Cable 
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6.9 Transmitter Output Power Adjustment 


The transmitter RF output power is factory set to maximum (+20 dBm 
nominal). In certain cases, it is desirable to reduce the output power, for 


example: 
~ to meet ERIP (effective isotropic radiated power) limits, 
such as +6 dBW in Canada. 
oo to avoid exceeding the maximum RSL of -30 dBm. 
To ensure maximum protection of the radio circuits, always 
ensure the transmitter output connector is terminated when 


power is applied. 


For accurate measurement of transmitter power, a calibrated power meter 
such as the HP 435B is recommended with Power Sensor HP8481. This 
power sensor can be connected directly to the output of the radio without 
exceeding the power rating. 


If setting the output power to meet an ERIP limit, it will be first necessary to 
calculate the overall system gains and losses, including feeder losses for the 
type of cable installed and the antenna gain, as shown in Table 6-C, Sample 
Calculations for Transmitter Output Power. 


VR5 
XMTR OUTPUT POWER ADJUSTMENT 
RECESSED 2 INCHES 
ADJUST WITH SUPPLIED TUNING TOOL ONLY 


yy Figure 6-5: Transmitter Output Power Adjustment 
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Table 6-C: Sample Calculations For Transmitter Output Power C ' 
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To adjust the Transmitter Output Power: 


© 


The transmitter comes from the factory set to maximum (+20 
dBm nominal) power output. This setting may exceed the 
power rating for some measuring devices. If necessary use 
a Suitable attenuator connected between the transmitter 
output connector and the power measuring device. 


Using the Sample Calculation in Table 6-C as an ex- 
ample, determine the transmitter output power. 


Connect the power meter to the rear “N” connector and 
apply power. 


There is no ON/OFF switch supplied on the LYNX 6 radio 
when the DC input voltage is applied, the transmitter will be 
ON.) 


Remove the front cover of the LYNX 6 by gently pulling 
the six plastic retainers. Locate the adjustment tool which 
is clipped to the inside of the front cover. This tool must be 
used for adjustment to ensure no accidental damage to the 
circuit board will occur. (Some adjustment tools are conduc- 
tive and could lead to possible short circuit of components 
during adjustment.) 


Locate the adjustment control on the left hand side of 
the upper modulator card. (See Figure 6-5) While moni- 
toring the power level on the appropriate power meter, 
slowly adjust VR5 until the required power level is reached. 
Once the correct level has been obtained, return the adjust- 
ment tool to the clip holder and replace the front panel. 
Confirm that the power meter is reading the same level. 


Turn off the unit by disconnecting the DC input and 
remove the power meter. 
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6.10 Antenna Connection 


The LYNX 6 is equipped with an N-type female connector at the antenna 
port, “ANTENNA” at the rear of the shelf. A jumper cable (or “pigtail”) fitted 
with two N-type male connectors should be used to connect the antenna port 
to the antenna transmission line. The recommended cable for the jumper is 
RG-214. 


A low loss 50 ohms cable (for example 1/2", air coax) or waveguide is 
recommended for the antenna transmission line between the top of the rack 
and the antenna. The return loss presented by the transmission line at the 
top of the rack should be as high as possible (20 dB, minimum recom- 
mended). The length of the antenna transmission line should be kept as 
short as possible (to minimize losses). 


To minimize feeder losses the use of 5.8GHz eliptical waveguide is recom- 
mended (typical loss is 1.25 dB/ft) for feeder lengths in excess of 200 feet. 


fey) 7/8” coax cable is not recommended for use at 5.8 GHz and 
| higher. 
SS a 


Y = Do not use right angle N-type connectors with the LYNX 6: 
in they may present high loss at 5.8 GHz. Do not use a low 
quality N-type jumper cable with the LYNX 6. Some cable 
types, such as RG-8, my have high loss at 5.8 GHz. 


=> 
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6.11 Other Customer Connections (Optional) 


There are additional customer connections which are optional and are not 
required to make the LYNX 6 operational but may prove useful. 


Alarms 


External alarm logic outputs are provided at the 25-pin, D-type subminiature 
connector: ALARM INTERFACE. There is a Form C summary alarm relay 
capable of switching 30V DC at 1A. Also, individual alarm logic outputs 
capable of sourcing and sinking 1 mA are provided. These individual alarms 
will interface to a single standard TTL load. When the unit is INALARM = “0”, 
the TTL output is OV to +0.5V. When the unit is NO ALARM = “1”, the TTL 
output is +3.5V to +5.5V. See Table 6-D, “Alarm Interface Connections” and 
Figure 6-6, “Pin Connections”. 


The summary alarm (Form C relay) is activated by the following alarms only: 


RF Level Threshold 


>, 
~~ 


, 
~ 


Chip Sync Loss 


% Transmit Synthesizer Unlock 


o, 
~ 


Receive Synthesizer Unlock 


Modulator Alarm 


K2 
“~~ 


EYE Monitor Alarm 


>, 
~~ 


o, 
“ye 


Test Mode (Modulator 2'°—1 TEST pattern or remote loopback 
option asserted) 


Monitoring 


The incoming received clock signal is extracted and re-timed to remove jitter. 
The extracted (and re-timed) 772 kHz / 1.544 MB/s clock signal at the 
modulator input is available as a CMOS signal for connection to external 
equipment for synchronization or clock monitoring at pin 6 on the ALARM 
INTERFACE D-type connector (see Figure 6-6). 
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EYE MONITOR J ALARM-in alamit_ _ 
the received | and Q eye voltage 
drops b below the EY & monitor a 


AFLEVELALARM-in alarm ifthe 
received RF signal level (as moni- 
_tored at the AGC | voltage) drops _ 


below the RF alarm threshold. The 


_ RF threshold is 10 dB above the nO 
_error BF level. 


CHIP SYNC LOSS - in ae _ 
incoming receive chip rate sig 
. loses syne lock in the demodu 


RECEIVER ALARM . receive | 
_ thesizer alarm: in alarm if receive oe 
synthesizer i is unlocked. 


- RCV DATA - TIL data signal : Cc 
ceived from demod, priortoNRZto  ——™ 
pipolat ¢ conversion for line transmit 

: output. : ce oe 


EXTRA \CTED RCV CLOCK - incom 
ck Sone (input 


- DATALOSS -inalarm ino incoming CC 
_dataisreceivedintothetransmitte. 
_ DataLossis activated whenthein-  _— 
put signal drops below 0.97 voits for 
175 bit times and de-activated as — 
__ §00n as the input signal evel tise 
. bove 0. 97 volts. 


RCV TIMING - recovered T Tr 
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XM VARACTOR ALARM - in al 

____ ifthe transmit varactor bias voltag 

__ outside acceptable range: trans’ 
____teris in danger of losing synthesize 
tock {outside —3. SV to -6.5V). 


: SV VARACTOR ALARM 
fthe receiver varact 


No, SUMMARY ALARM, FO N 
: yee open Connection * st 


Ce 


Table 6-D: Alarm Interface Connections 
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Eye Monitor Alarm 
XMT Varactor Alarm 
RF Level Alarm 


RCV Varactor Alarm 
Chip Sync Loss 


NO 
Receiver Alarm 
Summary Alarm Relay 
Cc Form C 
RCV Data 
NC 


Extracted RCV Clock 


Summary Alarm Logic 


Data Loss 
Test Mode 
RCV Timing 
AIS Line Out 
AIS Line In 
Gnd rH 
XMT Synth Alarm 
Gnd mH 
Mod Alarm 
Gnd rh 
RCV Synth Alarm 
Gnd rh 
BPV Alarm 
~ View from female socket at rear of shelf. 


Figure 6-6: Pin Connections, Alarm Interface 
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6.12 Antenna Installation 


The antenna installation consists of mounting the antenna on the tower, 
building roof or other location that provides line-of sight path clearance to the 
far location. In general, antennas smaller than 2 feet diameter are not 
recommended for urban areas due to their wider beamwidths, which results 
in higher interference susceptibility. 


Antennas should be ordered with a suitable mounting kit specific to the site 
requirements, for example specifying round or angle tower leg adaptors, or 
a roof tripod. 


If the antenna is to be mounted indoors, looking through a window, it is 
recommended that the antenna be placed about 12 inches away from the 
glass and within 10 degrees of being at right angles to the glass. The glass 
should be a lead-free or low lead content type and avoid metallic glass 
coatings for best results. 


The antenna must be very rigidly mounted, with adequate room for azimuth 
and elevation adjustment. 


The antenna polarization must be the same at both ends of the link, either 
vertical or horizontal. 


In general, antenna mountings require a support pipe to which upper and 
lower support brackets are attached with U bolts. The antenna and optional 
elevation and azimuth adjustment rods are then mounted onto the support 
brackets. The whole structure must be adequately grounded, in case of 
lightning. The antenna system must always be installed according to the 
manufacturer’s instructions. 
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6.13 Transmission Line Installation 


The transmission line feeder (coax cable or elliptical waveguide) may be 
prepared by first being cut to the approximate length allowing some excess 
and an appropriate connector installed on the antenna end. 


The transmission line is then pulled through the cable ducts, trays or conduit 
(as required) to the antenna, while being careful not to kink or damage the 
transmission line in any way. 


The transmission line should be supported in a tray on horizontal runs and 
by hangers on vertical runs. Hangers should be spaced according to the 
manufacturer’s instructions, typically evey 5° (under conditions of no ice 
and 85 mph winds). 


The transmission line should be grounded using a special grounding kit that 
attaches to the outer copper conductor. Grounds must be installed at the 
antenna, at the bottom of the tower (if applicable) and where the transmis- 
sion line enters the building. Long cable runs should be grounded every 100 
feet. In areas of high lightning incidence, lightning dissipators should be 
attached to antennas. In addition, coaxial, in-line, spark-gap type, lightning 
suppressors should be added at the bottom of the coax cable. 


After installation, the transmission line is terminated with an N-type male 
connector/adaptor attached at the equipment end. 


Prior to operation, the electrical integrity of coaxial cable and connectors can 
be checked with a simple DC check between the center conductor and 
outer conductor. (This is neither possible, nor required for waveguide). 


The transmission line should ideally be connected directly to the antenna at 
one end and to the LYNX 6 antenna port at the other end. However, RG-214 
type pigtail jumper cables may be required to avoid sharp bends in the 
transmission line or undue stress on the connection. See section 6.10. 


Cee 7/8” coax cable is not recommended for use at 5.8 GHz and 
i higher. 
| 


SS Uo 
= (- Do not use right angle N-type connectors with the LYNX 6: 
fay ms they may present high loss at 5.8 GHz. Do not use a low 
quality N-type jumper cable with the LYNX 6. Some cable 
types, such as RG-8, my have high loss at 5.8 GHz. 
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6.14 Antenna Alignment 


Unless special test equipment is available, two operating LYNX 6 terminals 
are required to align the antennas. Alternatively, a CW generator may be 
used to transmit a signal toward the end under alignment. 


The antenna is coarse aligned using visual sighting and then fine aligned 
using the receive RSSI voltage of the LYNX 6. 


ve The RSSI voltage reading can still be used to peak antennas 
! even if the radios have not synchronized. 


To coarse align the antenna, first set it for flat elevation (no uptilt or downtilt) 
using a spirit level. Then point it at a heading marker obtained using a 
compass back-bearing from an adjacent location, (ideally, 100 feet or more 
away from the antenna). 


If a heading marker can not be set sufficiently far away (for example when 
on a city building roof or looking through a window) then a rough azimuth 
setting can be obtained by sighting along the antenna feed. 


\ ! 7A 

as It should be verified that both antennas are on the same 
" " polarization by using the manufacturer’s instructions. Other- 
wise the RSL will be approximately 25 to 30 dB below the 
calculated level. 


>= 


Most antennas will also need fine alignment obtained using an operating link 
because it is very important to maximize the receive RF signal level. 


@ Read Section 6.7 before applying DC power to the LYNX 6. 


Once the coarse alignment has been set-up at both ends, then the link can 
be powered and some communications established. The voltage at the RSS| 
test point should be measured on a DVM to show the receive RF signal level. 
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For the fine alignment, the RSSI voltage will be maximized by adjusting first 
the azimuth and then the elevation of the local antenna. Then the far antenna 
is aligned in the same way, using the RSSI voltage of its local LYNX 6. 


When aligning antennas it may be convenient to run two wires from the RSSI 
and ground test points to the antenna so that the voltmeter is directly visible 
to the technicians aligning the antenna. Also, acellular telephone or two-way 
radio may be useful for co-ordinating alignment activities between both ends 
of the link. 


The larger the antenna size, the more critical alignment becomes: for 
example, with a 2 foot dish, the antenna can be moved +3 degrees off the 
correct heading before the receive signal level drops by 3 dB. This compares 
with a 6 foot dish which may only be moved +1 degree for the same 
degradation. 


The graph shown in Figure 6-7 shows the typical variation of AGC voltage 
and RSSI voltage as the receive signal level (RSL) is increased from 
threshold to a very high level. There is some variation between LYNX 6 


receivers but an approximate estimate of the RSL may be made using 
@ this figure. 
\ 7 
ae (ps Use the Factory Test Data Sheet shipped with your LYNX 6 
terminal to obtain the best estimate of your RSL. 


Above -30 dBm RSL, the receiver may produce errors: however this level is 
rarely likely to be exceeded. A link budget calculation should be made to 
calculate the maximum RSL. Please see Section 5 for details of the Link 
Budget calculation. During anomalous propagation conditions, the RSL may 
fade down but will not fade up more than 10 dB (except in unusual very long 
paths which may fade up by 15 dB). 


SS ae 

~ (p= Antenna alignment should enable the RSL to be peaked up 
. to the level calculated in the link budget. If the RSL is peaked 
but is approximately 20 dB below the calculated level then it 
is likely that the antennas are aligned in a sidelobe. In this 
case, the antennas should be rotated in a wide arc until the 
main lobe is located. (Other possible causes of low RSL are 
path obstructions loss in connectors, adaptors and pigital 
jumper cables or different antenna polarizations at each end 

of the link.) 
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Nominal 


Operating 
Range 
10 
9 = 
8 
7 
6 
L Errors may be 
= s) 
2 present above 
4 -—30 dBm RSL 
3 
2 
1 
O 


jo) 
or) 
RSL (dBm) 
Measured at the antenna port 


10°° BER Specification (-88 dBm) 


Figure 6-7: Typical AGC and RSSI vs. RSL Curve 


PAGE 6-24 SECTION 6: INSTALLATION 


Cs 


OPERATOR’S MANUAL WESTERN? 
Saat eee erat (Wan MULTIPLEX 
JUNE 1996 CORPORATION 


A Glenayre Company 


6.15 Use of the Spectrum Analyzer to Evaluate 
_ Potential Interference 


Als Interference countermeasures rely to some extent on the 

measurement of the received interference level and fre- 
quency. Prior to turning up a new hop, a spectrum analyzer 
could be used to monitor the spectrum at each end to check 
for possible interfering signals. Using “peak hold” on the 
spectrum analyzer, the spectrum between 5.7 GHz and 5.9 
GHz could be swept continuously for a period and any 
signals being received at levels of —70 dBm or more identi- 
fied. Then the LYNX 6 frequency plan can be reviewed to 
avoid a receive channel which may contain significant 
interference. 


For example, interference may be reduced by moving from 
the A1/A2 plan to the B1/B2 plan or by swapping terminals 
so that A1 becomes A2. 


Signals outside the range 5.7 GHz to 5.9 GHz may be 
ignored: they will not cause interference. 


In case a spectrum analyzer is not available, the RSSI 
voltage can be used to indicate the background noise and 
interference level within the receiver RF filter band which is 
approximately f,,, + 15 MHz, when the far end transmitter is 
turned off. 
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6.16 System Turn-up to Service 


@ Complete all installation connections before applying 
DC power to TB1: especially ensure that the antenna 
port is terminated. 


Remove the plug at the DC power input connector and apply power: check 
for the correct voltage and polarity using a DVM (digital voltmeter). 


Replace the power plug at the DC power input connector: the LYNX 6 should 
now be powered. When powered up, the red LEDs may come on: this is 


normal; 
“ the DATA LOSS and BPV lights may come on until a 1.544 
Mbps signal is fed into the unit, 
and 
~ the EYE, RF LOW and SYNC LOSS lights may come on until 
the two terminals are communicating over a path. 
NS ! Ya 
= Y = On power up with no DS-1 signal input to the transmitter, any 
a combination of DATA LOSS and BPV alarms may be present 


(either, both or none). As soon as the DS-1 data signal is 
applied, the alarms will clear and operate normally. 


Prior to installing the system a back-to-back test may be performed on the 
bench, with a co-ordinated shelf and an appropriate path loss simulator 
(coax cable, 30 dB 1W “N-type pad” and 40 dB 1W “N-type pad” are 
recommended). 


If everything is working, and a DS-1 signal is input to the “line receive in” 
(DS-1) port, all respective red LEDs should now clear. 


NN 
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Use the voltmeter to confirm the front panel DC voltage readings as shown 
in Table 6-E. (Refer to Figure 6-1 for the location of the front panel test 
points.) (The rear panel test points for the power supply are only accessible 
by removing the rear cover.) 


The RSSI test point provides the best method of peaking up the antenna 
alignment. 


~ With the far end transmitter switched on, connect a digital 
volt meter to the RSSI test point and align the antennas for 
the best signal strength (the more voltage, the better the 
signal). 


o 
“~~ 


Verify you are on the correct signal by observing the AGC 
voltage. 


Before putting the LYNX 6 into service, it is recommended that the VAR 
adjustment be checked and centered if necessary. 


~ Verify traffic over a working hop. 


~ Check the VAR test point at the front edge of both the 
transmit and receive cards. It should read within 0.5V of 
-5.5V when completely stabilized at normal room tempera- 
ture. 


If installing the radio while external tempratures are ex- 
c= treme, it is best to not adjust the VAR voltage from the 
factory setting, unless this operational environment is typi- 
cal for this radio location (at all times throughout the year). 


Use the tuning tool clipped behind the front cover to tune the 
FREQ ADJ control at the front face of each RF aluminum 
housing. This will center the VAR voltage. Tune clockwise 
to increase the VAR voltage (more negative) and counter- 
clockwise to reduce the VAR voltage (less negative). THIS 
IS A SENSITIVE ADJUSTMENT. 


If everything checks out, the equipment should be ready for operation. 
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MODULATOI EI 
s10V 


Acc! __|+ 8.0V or more with -40 dBm RSL Inj 
Rssi___|+ 6.0V or more with ~40 dBm RSL Ing 
PS a ae A ce 


+11V_ +0.5V 
-VOLT -19V_ +0.75V 


Table 6-E: DC Voltage Readings 
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6.17 EYE Pattern Display 


To display the receive demodulator eye pattern, any oscilloscope with at 
least 20 MHz bandwidth and capable of using two inputs may be used. One 
channel will be used for displaying the eye pattern and the other for triggering 
on the demodulator clock rate. 


The oscilloscope gain of the channel that displays the eye pattern should be 
set to 200 mV per division and connected to TP12 for EYE I monitoring or 
TP13 for EYE Q. The channel used for triggering can be set to any level and 
should be connected to TP1 for CLOCK input. The triggering channel need 
not be displayed. the horizontal time base should be set for 500 nS per 
division. sometimes a video bandwidth of 20 MHz can be employed to 
eliminate high frequency noise without distoring the actual eye shape. 


Under threshold conditions (1x10-° BER) the fuzziness will not increase 
significantly due to the benefits of spread spectrum. When the system loses 
chip sync then no EYE will be observed: the pattern will just show 
random noise. 


Figure 6-8: EYE Pattern Display (Normal RSL) 
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6.18 BER Testing 


When the LYNX 6 is installed and operating properly, a BER test can be 
performed to evaluate the link performance. 


Any T-1 test pattern may be used and the far end looped around to make 
measurements at one end of the link, provided the test sequence contains 
adequate 1’s density to avoid activating the DATA LOSS alarm. 


eae A 2'°-1, QRSS or 3 in 24 test may be used. However a 
f 2-7 test will violate the 1’s density requirement. 


To loop around the far end, a Bantam double plug may be inserted into the 
DATA IN / DATA OUT ports at the rear of the shelf. (An optional remote 
looback card is available for the LYNX 6.) Alternatively, a 15-pin D-type 
subminiature plug may be wired as in Figure 6-9 and inserted into the Digital 
Line Interface connector. 


SS Zo 

= (ps If two BER test sets are used to measure the link perfor- 
mance separately in each direction, frame slips will occur 

unless the BER test sets are synchronized with one test set 

as the master and the other as the slave. 


Figure 6-9: DS-1 Loopback Connector 
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7.1 .General 


There are very few adjustments required on the LYNX 6 which makes it so 
easy to use! The only adjustments which may ever be required are: 


~ changing the spreading code. 

“ changing the DS-1 line code (AMI or B8ZS) 
oo changing the line build out (LBO) 

~ replacing spare units 

“~ changing RF frequency 

% changing the transmit power level 


(See Section 6.9.) 


~ changing the RCV line out AIS alarm selection 


ee A tuning tool is provided with each LYNX 6: It is clipped onto the 
| back of the removable front cover. 


@ The plug-in units contain circuitry and components which 
are sensitive to and can be damaged by electro-static 
shock discharge. When handling the plug-in units care 
should be taken to avoid damage by electro-static shock 
discharge. Handle the plug-in units by the sides of the 
printed circuit card only. If the unit is to be packaged for 
shipment, it should be wrapped in material that prevents 
damage from electro-static discharge. 


Units should not be removed and re-inserted into the shelf with power 
applied. Observe static electricity precautions before handling any loose 
units: CMOS circuitry employed in the design of the LYNX 6 is liable to be 
damaged by static electricity and therefore grounding straps should be worn 
by all technicians working on this equipment. 
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7.2 Changing the Spreading Code 


What is the Spreading Code? 


The spreading code is the pseudo-random chip sequence that is mixed with 
the data to produce the spread spectrum signal. The spreading code is 
generated by the LYNX 6 internally. Different codes can be selected using 
the DIP switches on the modulator card and demodulator card. 


The spreading code must be the same for a modulator communicating with 
a distant demodulator over a link. Each direction may have a different 
spreading code, but this is not necessary. 


Spreading codes are all set in the factory to code 1. Should the code need 
to be changed (to reduce interference, for example) then both ends of the link 
must be changed. 


Changing the spreading code is an out-of-service adjustment. There is a DIP 
switch (SW1) on the modulator card and a corresponding DIP switch (SW1) 
on the demodulator card, which control the spreading codes. These DIP 
switches CAN be set without removing the modulator and demodulator 
cards. 


cam Note that a “1” corresponds to the switch segment being closed 
: or “on”, which is seen as the lever positioned back to the rear 
of the chassis. The “O” position is to the front edge of the card. 


See Appendix A for a list of the DIP switch settings for each code. There are 
9 possible codes all with minimal cross-correlation. Any of the 9 codes may 
be used. 
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Figure 7-1: Inside Front View 
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7.3. Line Code Selection (AMI/B8ZS) 


The standard factory selection is for alternate-mark inversion (AMI) coding 
of the DS-1 data stream. Should the LYNX 6 be required to be transparent 
to a B8ZS coding format of the DS-1 data stream, the line code selection 
controlled by SW-1 positions 7 and 8 on the modulator card will need to be 
changed. If a B8ZS code is fed to the LYNX 6, while configured for AMI, a 
bipolar violation alarm will be activated on the modulator card and errors will 
be present in the line transmit output signal (DS-1 DATA OUT). If an AMI 
code is fed to the LYNX 6, while configured for B8ZS, a bipolar violation 
alarm will be activated on the modulator card, but in this case, no errors will 
be present in the line transmit output signal (DS-1 DATA OUT). 


To change the line code selection from AMI to B8ZS switch S1 positions 7 
and 8 will need to be changed. This is an out-of-service adjustment. See 
Figure 7-2. 


Figure 7-2: Line Code Switch 
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7.4 .Line Build Out Selection 


The standard factory selection for line build out (LBO) is 0-280 feet. 
Interconnecting the LYNX 6 with T1 equipment at a distance greater than 
280 feet requires an LBO strap change on the modulator. (There is no 
required strap change on the demodulator card). 


To change the LBO strap selection from 0-280 feet to 280-660 feet, remove 
the modulator card from the LYNX 6 shelf. This is an out-of-service adjust- 
ment 


le Before starting, ensure that the DC input power is disconnected by 
removing the DC power plug at the rear of the shelf. 


a Next remove the front cover. You will be able to see the modulator 
card mounted horizontally on the left in the card guides. The 
modulator card is plugged into the power supply unit at the rear of the 
shelf and the power supply unit acts as a motherboard using the card 
edge connector. The transmit RF assembly is mounted onto the 
modulator using shock-mounting stand-offs. 


3. Remove the central front retainer that locks both cards in place, 
using a Phillips screwdriver. 


4. The transmit unit should be removed as an integrated assembly 
comprising the modulator card and the transmit RF assembly as a 
single unit. Disconnect the SMA coax cable which connects the 
transmit RF assembly to the transmit RF filter that is bolted to the top 
cover of the LYNX 6 shelf. Only one end of the transmit SMA coax 
cable is accessible from the front: it is bolted to the front of the 
transmit RF filter (blue). Undo the 5/16 inch nut at the end of the 
cable where it screws onto the transmit RF filter (see Figure 7-1). 


The extractor tab may be used to release the modulator card from 
the motherboard edge connector. Once released, slide the card 
forward gently and remove it completely from the shelf. You will find 
that the transmit SMA coax cable withdraws together with the 
transmit RF assembly. Care should be taken not to damage this 
cable while still attached to the modulator card. 


5: Strap E6 is located near the black Bantam jacks J5 and J7. Using 
long nose pliers, reposition E6 from the < 280’ position to the > 280° 
position. 


6. Reinstall the modulator card back into the shelf and connect the RF 
coax cable to the transmit RF filter. The proper torque setting for the 
SMA connector is 8 inch pounds. Reinstall the control front retainer 
that locks both cards in place. 
SS a I SS SE ST FER 
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7.5 Replacing Spare Units 


7.5.1 Transmit Unit (Modulator Card) Replacement 


1: Before starting, ensure that the DC input power is disconnected by 
removing the DC power plug at the rear of the shelf. 


Z Next remove the front cover. You will be able to see the modulator 
card mounted horizontally on the left in the card guides. The 
modulator card is plugged into the power supply unit at the rear of the 
shelf and the power supply unit acts as a motherboard using the card 
edge connector. The transmit RF assembly is mounted onto the 
modulator using shock-mounting stand-offs. 


3. Remove the central front retainer that locks both cards in place, 
using a Phillips screwdriver. 


4. The modulator card should be removed as an integrated assembly 
comprising the modulator card and the transmit RF assembly as a 
single unit. Disconnect the SMA coax cable which connects the 
transmit RF assembly to the transmit RF filter that is bolted to the top 
cover of the LYNX 6 shelf. Only one end of the transmit SMA coax 
cable is accessible from the front: it is bolted to the front of the 
transmit RF filter (blue). Undo the 5/16 inch nut at the end of the 
cable where it screws onto the transmit RF filter (see Figure 7-1). 


The extractor tab may be used to release the modulator card from 
the motherboard edge connector. Once released, slide the card 
forward gently and remove it completely from the shelf. You will find 
that the transmit SMA coax cable withdraws together with the 
transmit RF assembly. Care should be taken not to damage this 
cable while still attached to the modulator card. 


5: Before replacing the new modulator card, first remove the SMA coax 
cable from the rear of the old transmit RF assembly (5/16 inch nut) 
and re-attach it onto the new transmit RF assembly. Then verify 
straps and DIP switches (either by comparison with the old unit or by 
checking the manual). 
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* spreading code/line code DIP switch 
(S1 at front of modulator card) 
“ LBO straps at E6 
“ RF FREQ DIP switch (on top of transmit RF assembly) 
6. Slide the new unit into the shelf with the extractor tab closed, and 


seat it firmly into the motherboard. Reconnect the SMA coax cable 
to the transmit RF filter. 


SS Ly 
= Ox Do not insert the card into the shelf with the extractor tab open. 
If you insert the card into the shelf with the extractor tab open, 
you will find it harder to remove the card from the shelf and you 
will need to remove the card in order to close the extractor tab! 


rh The shelf may now be powered up (ensure that antenna port is 
terminated) and the transmit VAR voltage is set to -5.5V as follows: 


A. Allow the LYNX 6to warm up for at least 30 minutes and 
monitor the DC varactor voltage at the VAR test point on 
the modulator card with a DVM. 


B. Use the non-metallic tuning tool supplied (it is clipped 
onto the back of the removable front cover) to tune the 
FREQ ADJ screw on the transmit RF assembly (see 
Figure 7-1). This FREQ ADJ control sets the free-running 
frequency of the transmitter VCO; turn clockwise to increase 
the varactor voltage (more negative) to increase the free 
running frequency. 


C. When the VCO is locked up and centered the varactor 
-5.5V DC bias measured on the VAR test point will be 
+0.5V at normal ambient temperatures. This adjust- 
ment is sensitive and the VAR voltage will vary with 
temperature as the synthesizer loop compensates to 
keep the transmitter on frequency. The -5.5V setting 
should be used when the LYNX 6 is being set-up at its 
normal ambient temperature. If the LYNX 6 is being set- 
up at a time when the ambient room temperature is cooler 
or warmer than normal, the VAR voltage should be 
checked periodically to ensure that it stays within the 
range of -5.5V + 1V, for best operation over temperature. 
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7.5.2 Receive Unit (Demodulator Card) Replacement 


‘Ls Before starting, ensure that the DC input power is disconnected by 
removing the DC power plug at the rear of the shelf. 


a: Next remove the front cover. You will be able to see the demodulator 
card mounted horizontally on the right in the card guides. The 
demodulator card is plugged into the power supply unit at the rear of 
the shelf and the power supply unit acts as a motherboard using the 
card edge connector. The receive RF assembly is mounted onto the 
demodulator using shock-mounting stand-offs (see Figure 7-1). 


3. Remove the central front retainer that locks both cards in place, 
using a Phillips screwdriver. 


4. The demodulator card should be removed as an integrated assem 
bly comprising the demodulator card and the receive RF assembly 
as a single unit. Disconnect the SMA coax cable which connects the 
receive RF assembly to the receive RF filter that is bolted to the top 
cover of the LYNX 6 shelf. Both ends of this cable are accessible 
from the front. Undo the 5/16 inch nuts at both ends of the cable and 
withdraw the cable squarely. The right extractor tab may be used to 
release the demodulator card from the motherboard edge connec 
tor. Once released, slide the card forward gently and remove it 
completely from the shelf. 


or Before replacing the new demodulator unit, first verify straps and 
DIP switches (either by comparison with the old unit or by checking 
the manual). 


~ spreading code/AIS DIP switch 
(S1 at front of demodulator card) 


~ RF FREQ DIP switch (on top of receive RF assembly) 


6. Slide the new card into the shelf with the extractor tab closed, and 
seat the card firmly into the motherboard. Reconnect the SMA coax 
cable between RF assembly and the RF filter. 


Ss Yi 
_ Y = Do not insert the card into the shelf with the extractor tab open. 
“YW If you insert the card into the shelf with the extractor tab open, 
you will find it harder to remove the card from the shelf and you 
will need to remove the card in order to close the extractor tab! 
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te The shelf may now be powered up (ensure that the antenna port is 
_ terminated) and the receive VAR voltage is set to -5.5V as follows: 


A. Allow the LYNX 6to warm up for at least 30 minutes and 
monitor the DC varactor voltage at the VAR test point on 
the demodulator card with a DVM. 


B. Use the tuning tool supplied (it is clipped onto the back 
of the removable front cover) to tune the FREQ ADJ 
screw on the receive RF assembly (see Figure 7-1). This 
FREQ ADJ control sets the free-running frequency of the 
receiver VCO; turn clockwise to increase the varactor volt- 
age (less negative) and to increase the free running 
frequency. 


C. When the VCO is locked up and centered the varactor 
DC bias measured on the VAR test point will be -5.5V 
+0.5V at normal ambient temperatures. This adjustment 
is sensitive and the VAR voltage will vary with temperature 
as the synthesizer loop compensates to keep the receiver on 
frequency. The -5.5V setting should be used when the LYNX 
6 is being set-up at its normal ambient temperature. If the 
LYNX 6 is being set-up at a time when the ambient room 
temperature is cooler or warmer than normal, the VAR 
voltage should be checked periodically to ensure that it 
stays within the range of -5.5V + 1V, for best operation over 
temperature. 


Do not adjust for VAR voltage while the LYNX 6 is in service. 
When the VAR adjustment is made errors may result in the data 
output. 


ee 
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7.5.3 Transmit RF Assembly Replacement 


The transmit RF assembly must be replaced together with the modulator 
card as an integrated unit; see Section 7.5.1 for details. Do not separate the 
transmit RF assembly from the modulator card. 


7.5.4 Receive RF Assembly Replacement 


The receive RF assembly must be together with the demodulator card as an 
integrated unit; see Section 7.5.2 for details. Do not separate the receive RF 
assembly from the demodulator card. 


7.5.5 Power Supply Assembly Replacement 


Under normal operating conditions the power supply should not be removed 
from the shelf. To replace the power supply, the complete shelf should be 
swapped, if possible. (See Section 5.1 and Table 5-A to verify inter- 
changeability.) 


If the power supply is suspected of being faulty, first remove the rear cover, 
and with DC power applied, check the following conditions: 


“~ the fuse is not blown. (If it is, replace with the spare fuse, 
clipped on the left side of the power supply board); 


~ the voltage at TP2 (+VOLT) is +11V +0.5V; 
~ the voltage at TP4 (-VOLT) is —19V +0.5V. 


a SSS 
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Should the power supply be confirmed to be faulty and it is required to 
replace the card, not just the empty shelf, then the following steps are 


necessary: 

Ue Disconnect power, data cables, alarms and antenna 
cable 

2 Remove the rear cover 

3. Remove the front cover 

4. Remove the transmit unit; (see Section 7.5.1) 

5. Remove the receive unit; (see Section 7.5.2) 

6. Place the shelf upside down and remove the nine Phillips 
screws retaining the baseplate 

7. Remove the baseplate 

8. Remove the two screws (only) that have locking wash- 
ers in the center of the power supply card, (one screw is 
just above T1, and the other is just below C18.) 

9. The old power supply card may now be removed and the 
new card replaced by reversing all the removal steps, 
above. 
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7.6 Changing RF Frequencies 


The LYNX 6 RF frequency selections are listed in Appendix B. A receiver 
must be set to the same RF frequency (or channel) as the transmitter it is 
receiving, and must not be set to the same channel as the transmitter in the 
same shelf. There should be three channel spacings between a transmitter 
and receiver in a shelf: that is, the T/R separation is 65 MHz minimum. The 
standard factory setting is to use either channel pairs A1 and A2, B1 and B2, 
or channel pairs C1 and C2, See Figure 7-3. 


The channels are generally fixed, because tuned FF filters are required for 
normal operation. Adjustments to the channel frequencies may be required 
when installing spare cards or for special situations. 


The optioning codes identify the standard transmit and receive frequencies. 


The RF center frequency of the LYNX 6 transmitter may be adjusted within 
a range of 5735 - 5840 MHz. The full band (5725 - 5850 MHz) is covered 
because the transmitter occupies 20 MHz RF bandwidth (+10 MHz from the 
center frequency). 


The LYNX 6 transmitter and receiver are independently frequency synthe- 
sized and may be changed to any frequency within the above range, with the 
following restrictions: 


“ The transmitter frequency must be within +2.5 MHz of the 
center frequency of the transmit PF filter. 


* The receiver frequency must be within +2.5 MHz of the 
center frequency of the receive RFF filter. 


KZ 
~ 


The transmit frequencies must not be less than 5735 MHz or 
greater than 5840 MHz. 


Therefore spare units may be installed with any LYNX 6 terminal just by 
selecting the appropriate RF frequency. See Section 7.5 for details on replac- 
ing spare units. 
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The transmit and receive RF filters are mounted inside to the top of the LYNX 
6 enclosure and are not removed when the RF assemblies are withdrawn 
together with the modulator or demodulator cards. The RF filter center 
frequency is marked on the filter and on the side of the LYNX 6 shelf. 


To change the RF frequency, there are just two steps: 


1. Determine the new RF frequency. Remove the transmit- 
ter or receiver unit from the shelf (see Section 7.5) and 
set the correct synthesizer division ratio on the two DIP 
switches, S1 and S2 which are directly accessible on the 
top of each RF assembly. (See Appendix B for a listing of 
all switch settings for the standard channels. Consult the 
factory if any other frequencies are needed.) The designa- 
tions S1 and S2 are printed on the RF assembly next to the 
switches for identification, together with the numbers 1 and 
8 to identify the segments, and an arrow to identify the “O” 
direction. 


2. Replace the unit in the shelf and adjust the VCO fre- 
quency for phase lock under power. The RF assembly 
must be connected to the RF filter and powered up for this 
adjustment. Monitor the DC voltage between the varactor 
DC bias (VAR) test point and ground on the front panel of the 
card with a DVM. Use the tuning tool supplied with the LYNX 
6 (it is clipped onto the back of the removable front cover) to 
tune the FREQ ADJ control which sets the free-running 
frequency of the VCO. Turnclockwise to increase the varactor 
voltage (less negative) and free-running VCO frequency. When 
the VCO is locked up and centered, the varactor DC bias will 
be -5.5V +0.5V. 


This adjustment is sensitive. Do not perform this adjust- 
ment while the system is on line and carrying traffic. 


SECTION 7: ADJUSTMENTS PAGE 7-13 


WESTERN? OPERATOR'S MANUAL 
CW} MULTIPLEX DIGITAL MICROWAVE RADIO 
CORPORATION JUNE 1996 


A Glenayre Company 


7.7 Setting Up a Spare LYNX 6 Terminal 
On a Different RF Frequency 


The frequency agility of the LYNX 6 radio allows a single transmitter/receiver 
to be used as the spare for an entire system. In addition, the A, B and C 
channelization plans require different sets of transmit and receive FF filters. 


Changing the RF frequency of the LYNX 6is a simple matter of re-setting two 
eight-segment DIP switches and re-adjusting the varactor voltage on each 
transmitter and receiver (See Section 7.5). It may also be necessary to 
change the RF transmit and receive filters. 


When changing RF frequencies within either the A plan, B plan, orthe C plan, 
itis necessary to transpose the transmit and receive FF filters. For example, 
converting a spare LYNX 6terminal from A1 to A2 requires swapping the RF 
filters, in addition to re-setting the transmit and receive RF frequencies. 


en 
= 8725 8735 — 


Channel Pairs 
| Al A2 
| Tx 5735 Rx 5735 
| Rx 5800 <_ Tx 5800 
B1 B2 


Tx 5755 = Rx 5755 
Rx 5820 Tx 5820 


C1 C2 


Tx 5775 Rx 5775 
Rx 5840 Tx 5840 


Figure 7-3: LYNX 6 Frequency and Channel Plan 


PAGE 7-14 SECTION 7: ADJUSTMENTS 


OPERATOR'S MANUAL WESTERN? 
DIGITAL MICROWAVE RADIO MULTIPLEX 
TONES Oe CORPORATION 


A Glenayre Company 


However, when changing RF frequencies between the A plan and the B plan 
orC plan, then itis necessary to replace both transmit and receive RF filters. 
For example, converting a spare LYNX 6 terminal from A1 to B1 requires a 
different set of transmit and receive RF filters, in addition to resetting the 
transmit and receive RF frequencies. 


7.7.1 Procedure to Change RF Frequency 
Within a Frequency Plan (Spare Terminal) 


Ag Remove the front and rear covers from the terminal. 


2. Remove the transmit unit and receive unit from the 
shelf, (see Sections 7.5.1 and 7.5.2). 


3. Turn the empty shelf over and remove the nine flat head 
Phillips screws securing the aluminum base plate to the 
shelf cover assembly. Remove the base plate. Mounted 
to the top cover are the ACU components. 


4. Disconnect the SMA coax cables connected to the rear 
of the two RF filters. 


Gy, Remove the four mounting nuts which secure each RF 
filter to the top of the shelf cover and transpose the two 
filters. (The filters are identical except for their center 
frequency. The center frequency number is stamped on the 
filter, next to the SMA female connector on the end facing 
away from the N-type antenna port connector.) Place the 
transmit filter where the receive filter was located, and the 
receive filter where the transmit filter was located. The 
center frequency number on each filter must now agree with 
the new transmit or receive frequency selected. 


6. Re-install and secure each of the transposed filters with 
the four screws removed in step 6 and re-connect the 
SMA coax cables to the rear of the filters. 


The SMA cables should not be over-tightened. Eight 
! inch-pounds is the maximum torque recommended. 
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ie Re-install the base plate with the nine flat head Phillips 
screws removed in step 3 and turn the shelf upright. 


8. Set the transmit unit and receive unit to the operating 
frequency desired by setting DIP switches S1 and S2 
according to the table in Appendix B. 


9 Replace the transmit unit and receive unit back into the 
shelf and re-connect the SMA coax cables. 


10. Install the front and rear covers on to the shelf. 

qs Terminate the antenna port and power up the shelf. 

12. Adjust the varactor voltage on the transmitter and re- 
ceiver to -5.5 + 0.5V DC as detailed in Section 7.5.1 or 
Section 7.5.2. 


7.7.2 Procedure to Change RF Frequency 
Between Frequency Plans 


Follow the same procedure described in Section 7.7.1 except: in step 5, do 
not transpose transmit and receive RF filters. Replace each RF filter with 
spare RFF filters of the correct frequency. 
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7.8 Receiver Line Out AIS 


AlS (Automatic Insertion Signal) is the blue code that keeps the line alive 
under data loss conditions. AIS is required by certain equipment to maintain 
synchronization (for example, it is required on all leased line circuits). 
However, it is not required by all equipment (for example, a CSU/DSU will 
initiate its own blue code to the line under data loss conditions). 


Under test conditions, when measuring receive threshold, for example, it 
may be necessary to select AIS off to facilitate BER measurement. 


There is a user selectable DIP Switch (S1) on the front of the demodulator 
card that includes selection of the AIS function (on/off) at the receiver line 
output. When the AIS is selected (on) the DS-1 signal will send blue code to 
the line when the demodulator AIS monitor alarm is activated. This function 
is similar to a data “mute” function. 


The EYE monitor alarm detects signal degraded receiver performance 
which will occur when the RSL (receive signal level) is reduced to threshold, 
for example. When the EYE monitor alarm is activated, the eye pattern has 
been degraded and data errors are likely to be present in the receiver output 
data stream. 


The demodulator AIS alarm, if selected, operates like the EYE monitor alarm 
but is activated when the signal is degraded to a BER rate of approximately 
1 x 10°°. To select the AIS feature, SW1 position 7 must be ON (away from 
the front printed circuit board edge). To defeat the AIS feature, SW1 position 
7 must be in the OFF position. 


If AIS is selected, when the demodulator AIS alarm is activated the AIS “Blue 
Code’ will be sent from the LYNX 6 demodulator when the received data is 
severely corrupted. If AIS is not selected, then the demodulator output is 
always sent to the line, no matter what receiver alarm is activated or the 
degradation of the received data. 


The standard factory setting is to have the demodulator AIS alarm selected 
ON because it prevents a severely errored signal (possibly unsynchronized) 
from being sent out to the line. 


S “ue 
¥: (ps Recommend AIS be selected ON for normal operation. 
fa Recommend AIS be selected OFF for measuring BER at 
threshold. 


There is an AIS alarm on the modulator card also but it is not 
selectable; whenever data is lost at the transmitter input, blue 
code is always sent from the transmitter. 


SECTION 7: ADJUSTMENTS PAGE 7-17 


WESTERN® OPERATOR'S MANUAL 
MULTIPLEX DIGITAL MICROWAVE RADIO 
CORPORATION JUNE 1996 


A Glenayre Company 


Your Notes On The LYNX 6 Radio 


PAGE 7-18 SECTION 7: ADJUSTMENTS 


a 


nO 


Troubleshooting 


OPERATOR'S MANUAL WESTERN? 
DIGITAL MICROWAVE RADIO MULTIPLEX 
BONEN Zee CORPORATION 


A Glenayre Company 


8.1 General 


Each LYNX 6is completely system tested and allowed to burn-in for at least 
24 hours prior to shipment. Most problems on a newlink tend to have system- 
related solutions, but in some cases the equipment itself may be at fault. 


This section is intended as a systematic guide to solving problems with the 
LYNX 6 equipment. Please re-check the installation and system design, as 
well as following the recommended actions listed in this section, before 
telephoning the factory for assistance. 


\ 4 
ms Y re If possible, test the LYNX 6 terminals back to back on the 
bench, with an RF pad between the antenna ports before 
returning units to the factory. This step will confirm if 
the LYNX 6 terminal itself is at fault. 
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8.2 Errors Present in the Data Stream 


Possible Causes: 


OPERATOR’S MANUAL 
LYNX 6 
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JUNE 1996 


% If the RSL is too high > —30 dBm, the RF OVERLOAD LED 


, 
~~ 


should be on and errors may start occuring beyond this point. 


If the RSL is too low and causes errors in the data stream, 
there should also be receive alarms present (EYE ALM, RF 
LEV or CHIP SYNC LOSS). Typically alarms should be 
present whenever the RSL drops below threshold (BER 
=1x10-°). The threshold RSL is -88 dBm max. 


Errors may also result from loose connections or interfer- 
ence: alarm indicators should flash momentarily when 
this occurs. 


Errors may result from incompatible line code selectivity or 
incorrectly set spreading code DIP switch selections (to- 
gether with an EYE alarm and CHIP SYNC LOSS alarm on 
the demodulator card). 


A faulty transmit unit or receive unit may also introduce 
errors into the data stream. Faults in the units should cause 
alarms to be activated; however, it is possible that a transmit 
or receive fault may not trigger any alarm. 


Recommended Actions: 


Determine which line code format the DS-1 equipment 
requires and select the appropriate switch settings as 
detailed in Section 7.3. 


Verify the spreading code DIP switch selections con- 
form to one of the available codes listed in Appendix A. 
Check that the modulator has the same code selection as 
the demodulator at the other end of the link, as detailed in 
Section 7.2. 


Monitor the RSSI and AGC | voltage and estimate the 
RSL as shown in Fig 6-7, or using the Factory Test Data 
Sheet. 
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Calculate the expected RSL as explained in Section 5.5. 
Determine if the RSL is too low or too high. 


If too low, check for transmitter RF output power (range 
from +20 dBm maximum to +4 dBm minimum at 5.8 GHz) 
and antenna alignment. RF output power should be mea- 
sured at the antenna port with a true RMS power meter. 
Antennas should be re-aligned by adjusting azimuth and 
elevation while monitoring RSSI and AGC | voltage at each 
end and checking that both ends are set for the same 
polarization. 


If everything appears to be adjusted correctly and the 
RSL is too low, then the path may be obstructed. Try 
increasing antenna heights or flashing the path with a mirror. 


If the RSL is too high, reduce the transmitter RF output 
power to bring the nominal RSL down below -30 dBm. 


Check all connections (RF and data) for loose connec- 
tions or dry joints in the plugs. 


Check for interference by connecting the antenna to a 
spectrum analyzer and sweeping across the band (5.7 - 
5.9 GHz). Identify all signals over —70 dBm RSL and ensure 
that C/I requirements are met (see Section 5.8 of the 
Operator’s Manual). If excessive interference is observed, 
attempt to avoid it by changing antenna polarizations and/or 
swapping LYNX 6 terminals (thus reversing transmit and 
receive channels). 


If all else fails, try to identify a possible faulty unit by 
replacing transmit or receive units, or a spare shelf with 
the same frequency configuration. 


When errors in the data stream are combined with alarm 
indications, verify all adjustments, including the correct 
RF frequency DIP switches and VAR test point voltages. 
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8.3 MOD Alarm 


Function: 


The MOD alarm is activated by the loss of the 70 MHz IF output from the 
modulator card (to the transmit RF assembly). 


Possible Causes: 


Failed power supply voltage 
Faulty modulator card 
Faulty MOD alarm circuit 


Jumper straps removed or displaced from E3 


Recommended Actions: 


Remove the front cover and check all front panel DC 
voltages are with the range shown in Table 6-E, DC 
Voltage Readings. 


Check jumpers installed in first (front) 3 positions of E3. 


Remove the rear cover and check all power supply 
voltages are within the range shown in Table 6-E, DC 
Voltage Readings. 


The terminal may appear to be working normally in all other 
respects (voltages normal but MOD alarm, only). If so, and 
the DS-1 signal is being transmitted error-free to the far 
terminal, then the problem is most likely in the alarm circuit 
itself. In this case, replace the modulator, as in Section 
7.5.1 when convenient. Return the faulty unit to the 
factory for repair. 


To replace the power supply, either swap the LYNX 6 
shelf with a spare shelf or replace the power supply 
card, (see Section 7.5.5). 


To replace the modulator card, (see Section 7.5.1). 


The MOD alarm is generated on the modulator card. Dam- 
age to the 70 MHz IF cable between the modulator card and 
the transmit RF assembly will not in itself cause a MOD 
alarm. 
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8.4 Transmitter Alarm (XMTR) 
Function: 


The transmitter synthesizer in the transmit RF assembly will activate this 
alarm should the transmit synthesizer become unlocked. 


am There is a completely independent synthesizer in the re- 
i ceive RF assembly. 


Possible Causes: 


“ The VAR (varactor bias) voltage needs to be adjusted for -5.5V. 
~ The RF frequency DIP switches have been incorrectly set. 
~ The transmit RF assembly is faulty. 


Recommended Actions: 


IP Check the VAR test point on the modulator card and 
adjust for -5.5V +0.5V using the FREQ ADJ screw on the 
transmit RF assembly as detailed in Section 7.5. 


2 Remove the transmit unit (see Section 7.5.1) and check 
the RF frequency DIP switch segments agree with the 
silkscreen legend on the RF assembly and Appendix B. 
If DIP switches require adjustment, recheck VAR volt- 
age as in 1 above. 


3. Replace the complete transmit unit (as in Section 7.5.1) 
with a spare unit. Return the faulty unit to the factory for 
repair. 
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8.5 BPV Alarm 


Function: 


The BPV alarm is activated by the bipolar violation detector on the modulator 
card. The BPV alarm will come on whenever the incoming data stream 
presents bipolar violations; these occur when the data stream fails to present 
alternate polarity pulses. Also, incompatibility of line codes between DS-1 
equipment and the LYNX 6can indicate a BPV alarm. Check the line codes 
for compatibility and reconfigure if necessary. (See Section 7.3.) 


Possible Causes: 


“~ Input data signal contains bipolar violations or errors. 

“ Fault on modulator card. 

“~ Incompatible line codes between DS-1 equipment and the 
LYNX 6. 


Recommended Actions: 


Ue Check incoming DS-1 signal (using Firebird 6000 bit 
error rate test set, for example). 


Ze Ensure a good DS-1 signal is input to the LYNX 6. 
3. Correct line code on LYNX 6 or DS-1 equipment. 
4. If above actions do not clear the alarm, replace the 


transmit unit and return the faulty unit to the factory for 
repair (see Section 7.5.1). 


ne eer 
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8.6 DATALOSS Alarm 


Function: 


The data loss alarm is activated when the DS-1 line receive signal input to 
the modulator card is lost. Definition of “lost” is when the input signal level 
drops below 0.97V for 175 bit periods (approx. 100us.) 


Possible Causes: 


“~ No DS-1 Signal (or a degraded signal) is present at DIGITAL 
LINE INTERFACE (line receive in) 


~ Faulty line interface circuit on modulator card. 


Recommended Actions: 


1 Verify presence of DS-1 signal at DIGITAL LINE INTER- 
FACE using oscilloscope or BERT set. 


2. Verify correct wiring of all cables and connectors. 


ot Check correct level of DS-1 signal (must be above 0.97 
volts) at DIGITAL LINE INTERFACE. 


4. If the above actions do not clear the alarm, replace the 
transmit unit and return the faulty unit to the factory for 
repair, (see Section 7.5.1). 
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8.7 AIS Alarm (on Modulator) 


Function: 


The AIS alarm on the modulator is activated when the DS-1 line receive 
signal input to the modulator card is receiving “blue code” (a string of 2316 
ones with no more than one zero). 


Possible Causes: 


“ The equipment driving the line is sending “blue code” (all 
ones) to the DIGITAL LINE INTERFACE (line receive in) 
port. 

~ Faulty line interface circuit or modulator card. 


Recommended Action: 


1. Reset the upstream equipment for normal operation. 


2. Verify the DS-1 signal at DIGITAL LINE INTERFACE 
using a BERT set. 


3: If the incoming data is verified (and is not the AIS “blue 
code” signal) then replace the modulator card and re- 
turn the faulty unit to the factory for repair, (see 
Section 7.5.1). 
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8.8 EYE Alarm 


Function: 


The EYE alarm is activated by the eye tracker circuit whenever the data 
signal received from the demodulator is degraded. 


Possible Causes: 


The received data signal is recovered on the demodulator board. The eye 
tracker monitors the data signal just prior to the data slice. If the signal is 
degraded with a reduced eye then there is an increased possibility that the 
ouput bit stream from the data slice will contain errors. The degradation may 
result from any of the following: 


* RSL is too high or too low 
Interference 
% Receiver fault 


Recommended Actions: 


le Follow all procedures in Section 8.2 for troubleshooting 
errors present in the data stream (except line code 
selection). 

2. Concentrate efforts on verifying the RSL: usually a low 


RSL will cause the EYE alarm. Typically, as the RSL drops, 
first the RF LOW alarm will come on, then the EYE alarm (at 
threshold) and finally the CHIP SYNC LOSS alarm (as the 
link crashes completely). 


3. If the above actions do not clear the alarm, replace the 
modulator card and return the faulty unit to the factory 
for repair, (see Section 7.5.2). 
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8.9 RF Low Level Alarm (RF LOW) 


Function: 


The RF low level alarm (RF LOW) is activated by the RSSI circuit whenever 
the RF level drops below —80 dBm. When this alarm comes on (yellow LED), 
the data signal will start to degrade as threshold is approached. 


Possible Causes: 
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The receive signal level (RSL) has dropped below —80 dBm 
due to problems with any of the following: 


e path (obstruction, fading, etc.) 


e antenna system (incorrectly adjusted polarization, azi- 
muth or elevation) 


e transmission line (excess loss due to damage or open 
connection) 


° far end transmitter (low RF output power) 


Receiver fault 


Recommended Actions: 


Follow all procedures in Section 8.2 for troubleshooting 
errors present in the data stream. 


Concentrate efforts on verifying and improving the RSL. 


If the above actions do not clear the alarm, replace the 
receive unit and return the faulty unit to the factory for 
repair, (see Section 7.5.2). 


ee 
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8.10 RF High Level Alarm (RF OVERLOAD) 


Function: 


The RF high level alarm (RF OVERLOAD) is activated by the RSSI circuit 
whenever the RF level increases to approximately -30 dBm. When this 
alarm comes on (yellow LED), the received data signal is approaching a level 
where data errors may occur. 


Possible Causes: 


~ The receive signal level (RSL) has increased beyond ap- 
proximately —30 dBm: 


¢ antenna too large or path too short 


¢ a strong interferring signal within bandpass of receive 
RF filter 


Recommended Actions: 


1. Concentrate efforts on verifying RSL and decreasing, if 
necessary. 
2. Check for the presence of an interfering signal near the 


receive frequency, either with a spectrum analyzer or by 
turning off the far transmitter. 


3. If the above actions do not clear the alarm, replace the 
receive unit and return the faulty unit to the factory for 
repair, (see Section 7.5.2). 
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8.11 CHIP SYNC LOSS Alarm 


Function: 


The CHIP SYNC LOSS alarm is activated by the demodulator whenever it 
loses synchronization of the spreading code. If synchronization is lost, the 
link has failed. 


Possible Causes: 


“ There is no receive signal (on the receiver frequency). 
~ The spreading code DIP switch selections are incorrectly set. 
~ Transmit or receive RF assembly fault or modulator/de- 


modulator fault. 
Recommended Actions: 


a Follow all procedures in section 8.2 for troubleshooting 
errors present in the data stream. 


2. Concentrate efforts on re-establishing a good path be- 
tween each LYNX 6 unit. 


3. If the above actions do not clear the alarm, replace the 
transmit or receive unit and return the faulty unit to the 
factory for repair, (see Sections 7.5.1 and 7.5.2). 
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8.12 Receiver Alarm (RCVR) 


Function: 


The receive synthesizer in the receive RF assembly will activate this alarm 
should the receive synthesizer become unlocked. 


There is a completely independent synthesizer in the 
lee transmit RF assembly. 

Possible Causes: 

~ The VAR (varactor bias) voltage needs to be adjusted for -5.5V. 


% The RF frequency DIP switches have been incorrectly set. 


o 
~e 


The receive RF assembly is faulty. 


Recommended Actions: 


Us Check the VAR test point on the demodulator card and 
adjust for -5.5V +0.5V using the FREQ ADJ screw on the 
receive RF assembly (as detailed in Section 7.5). 


2. Remove the receive unit (see Section 7.5.2) and check 
the RF frequency DIP switch segments agree with the 
silkscreen legend on the RF assembly and Appendix B. 
If DIP switches require adjustment, recheck VAR volt- 
age as in 1 above. 


3. Replace the complete receive unit (as in Section 7.5.2) 
with a spare unit. Return the faulty unit to the factory for 
repair. 
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8.13 AIS ALARM (on Demodulator) 


Function: 


The yellow LED for the AIS alarm on the demodulator is activated when the 
AIS monitor alarm is triggered and AIS is selected ON. 


Possible Causes: 


“ Data signal recovered from the demodulator contains errors 
above 1 x 10°° BER, resulting from: 


e Low receive RF signal level 
¢ High interference level 


“ Receiver fault ( ‘ 


an The AIS alarm on the demodulator will NOT be activated by 
the transmitter sending an AIS signal (blue code). 


Recommended Actions: 


1: Follow all procedures in Section 8.2 for troubleshooting 
errors present in the data stream. 


2. Determine if other alarms are present for concentrating 
efforts and follow prodedures for troubleshooting other 
alarms. 

3. If the above actions do not clear the alarm, replace the 


demodulator card and return the faulty unit to the fac- 
tory for repair. (See Section 7.5.2). 
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8.14 PS FUSE Alarm 


Function: 


The PS Fuse alarm is activated whenever the fuse is blown (on the power 
supply) and DC power is applied to the shelf. 


Possible cause: 


% Blown fuse due to DC short circuit or excessive/reverse DC 
input voltage. 


Recommended Actions: 


ie Check DC input power for polarity and voltage: see 
Section 6.7 for details. 


2. Replace the fuse with a spare fuse (located on power 
supply card, behind the rear cover). 


3. If the spare fuse also blows, determine if a faulty trans- 
mit or receive or power supply unit is causing a short, 
and replace any faulty unit. Return the faulty unit to the 
factory for repair. 
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Appendix A: 
DIP Switch Selections 


1. Spreading Code 


= switch closed (ON: lever positioned back to the rear of the chassis) 


0 = switch open (OFF: lever positioned forward to the front edge of the card) 


This DIP Switch is on the modulator and demodulator card. 
‘2 
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2. Receive Line Out AIS 


| AISON | 


1 = switch closed (ON: lever positioned back to the rear of the chassis) 


0 = switch open (OFF: lever positioned forward to the front edge of the card) 


(am This DIP Switch is on the demodulator card only. 


3. Line Code (B8ZS or AMI) 


1 = switch closed (ON: lever positioned back to the rear of the chassis) 


0 = switch open (OFF: lever positioned forward to the front edge of the card) 


ce This DIP Switch is on the modulator card only. 
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RF Frequency / DIP Switch Selections 


| Transmitter 
0 


DIP Switches are located on the transmit and receive RF assemblies. 
Ea Receive DIP switch segments are in reverse order on the unit. 


APPENDICES PAGE A-3 


WESTERN® APPENDICES 
MULTIPLEX DIGITAL MICROWAVE RADIO 
CORPORATION JUNE 1996 


A Glenayre Company 


Your Notes On The LYNX 6 Radio 


PAGE A-4 APPENDICES 


APPENDICES 
LYNX 6 


DIGITAL MICROWAVE RADIO 


JUNE 1996 


WESTERN* 
CORPORATION 


A Glenayre Company 


| Appendix C: 
Digital Line Interface Specifications 


Information in Appendix C is referenced to the following document: 


Bellcore TR-TSY-000499 Issue 3, December 1989 


1. Pulse Density Assurance and Maintenance 


At all signal interfaces, digital bit streams must contain sufficient energy for 
self-extraction of timing by various pieces of transmission equipment. The 
level of energy is controlled by ensuring that sufficient pulses (or ones) are 
present in the bit stream. In general, as the bit rate increases, the desired 
level of pulse density also increases, resulting in unique requirements 
applied to the different levels in the digital hierarchy. 


This section describes two approaches to ensure pulse density. The first, 
which is applied at anumber of digital hierarchy levels, involves a unique line 
code substitution when a low pulse density threshold is detected. This is 
referred to a bipolar with N Zero Substitution (NZAS). The second approach, 
defined only at the DS-1 level, involves recording of blocks of the digital bit 
stream to ensure a continuous level of sufficient ones. Normal line coding is 
then applied to this recorded signal. This technique is referred to as Zero 
Byte Time Slot Interchange (ZBTSI). 


(a) Bipolar with N Zero Substitution (BNZS) Coding 


BNZS is used at the DS-1 through DS-3 levels for zero code 
suppression. The line code is fundamentally bipolar. Binary 
ones in the source data stream are converted to alternating 
positive and negative pulses in the line signal, whereas no 
pulses (Spaces) are transmitted for binary zeros. In bipolar 
coding, the polarity is changed at every occurrence of a one. 
To provide a substituted word that can be easily and reliably 
identified, BNZS coding uses intentional bipolar violations 
(BPVs) as its characteristic. BNZS coding substitutes a 
known pattern of zeros and ones in BPV for a string of zeros. 
In the signature pattern, B represents a normal bipolar 
pulse, V represents a pulse violating the bipolar rule, and 0 
represents a zero (no pulse). 
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(b) Bipolar with 8 Zero Substitution (B8ZS) 


B8ZS is the recommended long-term network solution to 
providing clear channel capability ina DS-1 rate signal. Ina 
DS-1 code, any sequence of eight consecutive zeros 
(00000000) is replaced with (QOOVBOVB). The polarity of the 
V (violation) pulses in the fourth and seventh bit positions 
are the same as the preceding pulses in the bit stream. Thus, 
if the preceding pulse were positive (+), the B8ZS substitu- 
tion would be (000+—0-—+), while fora preceding negative pulse 
(-), the substitution would be (000—+0+-). At the receiver, 
the decoder recognizes the (OQOOVBOVB) code and replaces 
it the original eight zeros. Table C-1 is an illustrative ex- 
ample of B8ZS. 


2. DS-1 


(a) Nominal Rate 
The DS-1 signal has a nominal line rate of 1.544 Mb/s. 
(b) Interface Specifications 


Table C-2 lists the DS-1 interface specifications. All signals 
appearing at a DS-1 cross-connect shall satisfy each of the 
listed requirements. 


(c) Pulse Shape 


Figure C-1 depicts the shape of an isolated pulse appearing at 
the DS-1 cross-connect. The shape in Figure C-1 applies to the 
output pulses of all equipment as it is seen at the DS-1. 
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In this figure, the ordinate shows pulse amplitude normal- 
ized to unity at the pulse center. The abscissa is a time scale 
measure in Unit Intervals (Uls) relative to the pulse center. 
For DS-1, the Ul is 648 ns (the reciprocal of the nominal bit 
rate). 


(d) Pulse Density 


All terminals that generate a DS-1 signal shall meet the 
following constraints on the density of ones in the signal as 
delivered to the DS-1 cross-connect: 


No more than 15 consecutive zeros 


o, 
“ 


~ In each and every time window of 8(N+1) digit time 
slots (where N can equal 1 through 23,) there must 
be at least N ones present. 


Table C-1: Examples of B8ZS Coding 


APPENDICES PAGE A-7 


WESTERN® APPENDICES 
CW | MULTIPLEX DIGITAL MICROWAVE RADIO 
CORPORATION JUNE 1996 


A Glenayre Company 


@ 


Line Code - | ei 


Termination | 


‘Pulse Shape 


* Bipolar is also known as Alternate Mark Inversion (AMI). Successive logical 
ones are coded as pulses of alternately polarity. Zeros are coded zero. Two 
Or more successive pulses of the same polarity are termed bipolar violations. 


Table C-2: DS-1 Interconnection Specification 
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NORMALIZED 
AMPLITUDE 
1.5 


1.0 
0.5 


0.0 


-1.0 -0.5 0.0 0.5 1.0 1.5 
TIME, IN UNIT INTERVALS 


DS-1 Pulse Template Corner Points (New Equipment) 


Figure C-1: DS-1 Isolated Pulse Templates and Corner Points 
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Equipment “A” is connected to jack set “A” by intra-office wiring, padded to 
correspond to the reference cable. The output from equipment “A” is 
terminated on the OUT jack. The input to equipment “A” is terminated on the 
IN jack. Normally closed contacts on these jacks connect to the cross 
connect field. 


Cross-connects connect the out-jack of equipment “A” to the in-jack of 
equipment “B” and vice versa. Signals may be monitored at the monitor jacks 
which are bridged from the out-jacks via resistors R. 


Figure C-2: Schematic Drawing of Cross-Connect for DS-1 
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Appendix D: 
Useful Path Calculations 


Le First Fresnel Distance Formula 


The formula for calculating the first Fresnel distance is: 
F = 72.2 [(d,. d,)/(f . d)]"” 
where: 
“~ F = first Fresnel Zone radius (feet) 
~ D = path length (miles) 
~ f = frequency (GHz) 
“~ d, = distance from first antenna (miles) 


“~ d, = distance from second antenna (miles) 


ee ________ aaa, 
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2. Earth Curvature Formula 


Clearance for terrain can be determined from accurate topographic maps 
(the height of trees and/or buildings needs to be considered). Alternatively, 
the path can be surveyed along the direct route. 


Clearance for earth curvature can be calculated for various “K” factors using 
the formula: 


h=d,.d,/1.5.K 


K is the equivalent earth radius and under normal atmospheric conditions, 


K = 4/3 to give: 
h=(d,.d,) 7 2 
where: 
h = change in vertical distance from a horizontal line (feet) 
“ d, = distance from first antenna (miles) 
d, = distance from second antenna (miles 


a 
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3. . Path Loss Attenuation 


The formula for calculating the path loss attenuation is: 


PL (dB) = 96.6 + 20 log ,,F + 20 log ,,D 


where: 
oo F is in GHz 


. D is in miles 


aaa ann ETE 
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4. Reflection Point 


The formula for calculating the position of the reflection point on a path is : 


for k = 4/3 h,/d, —d,/2 =hJd, -d/2 
fork=2/3 h,/d, —d, =hJ/d, -d, 
for k = 00 d,=D.h/(h,+ h,) 
where: 
~% h is in feet 
% d and D are in miles 


(The k factor allows for consideration of atmospheric conditions by allowing 
for the path of the beam, relative to the earth. k = 4/3 is normal for 
atmospheric conditions and k = infinity is for worst case flat-earth propaga- 
tion conditions.) 
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5. Fading Outages and Availability 


The formula for calculating the unavailability, U, of a path (due to multipath 


fading) is: 
Ua b.2.5. 10°. 7 7 D*. 10" 
where: 
“~ a = Climate (0.1 to 0.5) 
~ b = terrain (0.25 to 4) 


“ f = frequency, GHz 


“~ D = path length, miles 


~ F = fade margin, dB 


The formula for calculating the availability, A, of a path is : 


A = (1- U) .100% 


where: 


o, 
~~ 


U = unavailability 
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Appendix E: 
Terminal Applications 


1. Drop and Insert: CSU/DSU (“Larse spLit-t” 


LYNX REAR PANEL 


DIGITAL LINE INTERFACE 


cI 
+VDC MONITOR 


DIRECT DC INPUT EXTERNAL AC-DC ON LINE e 
+20TO+63VDC POWER SUPPLY 


ALARM INTERFACE 


TWISTED PAIR 


: | LARSE SHIELDED 
“SPLIT-T" 24 AWG CABLE* 
CSU/DSU 


J3 JQ, At = AN2 | 
Jt J2 EXT suPV |. AUXPORT LINE 
DTE PORT 1 DTEPORT2 CLOCK PORT 


DA 15S 
FEMALE (ON CABLES) 


: 


TO T1 DROP AND INSERT EQUIPMENT 
(EX. D4 CHANNEL BANK) 


See cable wiring diagram on the last page. 
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2. Public Switched Network: CSU/DSU (“LarsE sPLit-T” 


LYNX REAR PANEL 


-VDC 


+VDC O 
ALARM INTERFACE ee MON Ch 
DIRECT DC INPUT EXTERNAL AC-DC 
N LINE | ©} © 
+20TO+63VDC POWER SUPPLY C o}° 


DIGITAL LINE INTERFACE 


MULTIPLE 
TWISTED PAIR 
LARSE SHIELDED 
"SPLIT-T" 24 AWG CABLE* 
CSU/DSU 


re oe oe eee 
J J2 EXT suPV.... AUXPORT LINE 


DTE PORT 1 DTE PORT 2 CLOCK PORT 166 


LE Ue RR aS 


DA 15S 


FEMALE (ONCABLES) == TO PUBLIC 
_ SWITCHED 
NETWORKK 
: (RBOC) 


See cable wiring diagram on the last page. 
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3. Video Codec (cu! “REMBRANDT 11”) into CSU (LarsE “SPLIT-T” 


LYNX REAR PANEL 


ANTENNA 


-VDC 


0000080 


+VDC 


DIGITAL LINE INTERFACE 


+VDC MONITOR 


DIRECT DC INPUT EXTERNAL AC—DC 
+20TO+63VDC POWER SUPPLY Cane 


ALARM INTERFACE 


: LARSE MULTIPLE 
SPLIT-T’ DA 15S TWISTED PAIR 
CSU/DSU FEMALE (ON CABLE) SHIELDED 


24 AWG CABLE* 


U2 gadget © Aa ASZe 
J J2 EXT SUPV AUX PORT LINE 
DTE PORT 1 DTEPORT2 CLOCK PORT ® 


MULTIPLE DA 25P 
TWISTED PAIR MALE (ON CABLE) 
24 AWG CABLE** : DA 25P 
, MALE (ON CABLE) 


RS 449 INTERFACE 


CLI “REMBRANDT I!” CODEC 


See cable wiring diagram on the next page. 
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DS1 
OUT 


DS1 
IN 


GND 


LARSE CSU/DSU 
AUX/LINE PORT 
DA 15S 
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LYNX 


DS-1 INTERFACE 


DS1 
IN 


DS1 
OUT 


GND 


* Line/AUX Cable DA 15S to DA 15P Shielded Crossover 


SHIELD "GND" 


SD+ 
ST + 
RD+ 
RS + 
RT + 
TR+ 
TT + 
CcS+ 


SGND 


SD- 
ST - 
RD - 
RS - 
RT - 
TR- 
TTh= 


REFRAME 


cS - 


CLI “REMBRANDT II" LARSE CSU/DSU 
RS 449 INTERFACE DTE PORT (EIA 530) 
DB 25P DB 25P 

A 1 
2 
3 
/ 4 a a 2 
ins Ree ore 
SS See 
< O 
7 q | 4 
8 ll | ola 
9 } H 20 
Rear 24 
5 
[ i BORIES 
14 
©) 
( | 12 
| | BATE a 
eh ee 
le ees erie ae 
fee sie eae 
eee ad a 
v Q O 


PROTECTIVE GND (SHIELD) 


TRANSMIT DATA 
TRANSMIT CLOCK 
RECEIVE DATA 
REQUEST TO SEND 
RECEIVE CLOCK 
TERMINAL READY 
EXTERNAL CLOCK 
CLEAR TO SEND 


SIGNAL GROUND 


TRANSMIT DATA RETURN 
TRANSMIT CLOCK RETURN 
RECEIVE DATA RETURN 
REQUEST TO SEND RETURN 
RECEIVE CLOCK RETURN 
TERMINAL READY RETURN 
EXTERNAL CLOCK RETURN 


CLEAR TO SEND RETURN 


** DTE Port DB25P to RS 449 Interface DB25P Cable 
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Fremont, California 94538 


Cri AR MICROWAVE 510-498-7900 Telephone 


Extending the fife of your network... ee pies oe 4 oom 
FACTORY TEST DATA: LYNX 6 RADIO 
Terminal: 


System Part Number: 

Xmitr / Mod Model No: 
Revr / Demod Model No: 
Shelf / ACU Model No: 


Tested By / Date: /45,2 


240002 2 
24310 SerNo: 47 -87F/,) 
24320 Ser No: 41° - /92Z ¢ 

24530 Ser No: 4/  - of 


ae ID 


TRANSMIT FREQ: _s §4/ © MHz + RECEIVE FREQ: ee 7 2S MHz 


TX VAR -S3.28 V(-5.5V 4/- 0.2V) RX VAR = S.8 UV (-5.5V 4/- 0.2V) 


(At room temp after 1 hour warm 
+) 


oye 


(At room temp after 1 hour warm-up) 


MAX OUTPUT POWER: +[@=8 dBm (+20dBm typ, +17 dBm min at 50c) 


TX RF ATTENUATOR ADJ: 
RECEIVER THRESHOLD: 
HIGH RSL ERROR TEST: 


MICROPHONICS CHECK: 


PASS _s/_ (+4 dBm at 3.0v or greater at TP-19) 

(at BER=10E-6): - 656.@ dBm (-85 dBm max) 
PASS y__-20 dBm (no errors 10 minutes) 
object observed height 


1 oz rod inches (5 inch minimum) 
inches (3 inch mmimum) 


marble —7 
LONG TERM ERROR TEST: PASS _»“__(-40 dBm, no errors, 12 hour minimum) 
RSL vrs AGC / RSSI: RSL AGC RSSI 
-90 dBm ~72 V pe N 
-80 dBm ae py L74.V 
-70 dBm y a'sV 2 SRV 
-60 dBm 5. 74V 2 7aV 
-50 dBm 6. DEV Sav 
-40 dBm ZZAV Ba S2Y 25) 
-30 dBm Lew 
+20 dBm yA 
- AGARM SET POINTS: REF High OK (-20-dBurfronrnon=alarmr to-alarm): 
RF Low OK (-80 dBm from non-alarm to alarm) 
ees /__OK (BER 10 E-6 from non-alarm to alarm) 
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<a” (ide 47560 Seabriage Drive 
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FACTORY TEST DATA SHEET 


Lynx 6 Radio Model 24000 


Terminal: 
ae / Tested By / Date: ae Yael i = 
System Part Number: 24000- a ca” C7 
Xmtr / Mod Model No: 24310 Ser No: G 7 [- CTS = 
Revr / Demod Model No: 24320 Ser No: 7S” - /OC DG4 
Shelf / ACU Model No: 24530 Ser No: WWE 
. FEV TS 
TRANSMIT FREQ: _ 5/70 © MHz RECEIVE FREQ: ole AO . CMHz 
TX VAR oy (-5.5V +/- 0. AM PAR, oy, V (-5.5V +/- 0.2V) 
(At room temp after 1 hour he a (At room temp after 1 hour warm-up) 
MAX OUTPUT POWER: ae ea ap he (+20dBm typ, +17 dBm min at 50c) 
TX RF ATTENUATOR ADJ: PASS ae _ << (+4 dBm at 3.0v or greater at TP-19) 
RECEIVER THRESHOLD: (at BER = 10E-6): - nde dBm (-85 dBm max) 
HIGH RSL ERROR TEST: PASS Fn -20 dBm (no errors 10 minutes) 
MICROPHONICS CHECK: object _ observed height 
1 oz rod inches (5 inch minimum) 
marble L—___ inches (3 inch minimum) 
LONG TERM ERROR TEST: PASS (-40 dBm, no errors, 12 hour minimum) 
RSL vrs AGC / RSSI: RSL AGC RSSL 
90dBm  -6Y7V |. 
-80 dBm fe IN [s46V 
-70 dBm Ze ZEON Zur y, 
-60 dBm Es Yd 3:9V 
-50 dBm bofCOV SOV 
-40 dBm 7-SGV S 26V (6.2V +- .25V) 
-30 dBm rh es 
-20 dBm Skt Ov 
ALARM SET POINTS: RF High YOK (-20 dBm from non-alarm to alarm) 
RF Low _~ OK (-80 dBm from non-alarm to alarm) 
EYE _ OK (BER 10 E-6 from non-alarm to alarm) 
PR_FR_TD-24000-XX_1.00 FOR REFERENCE ONLY WHEN BLANK PAGE 1 OF 1 
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FACTORY TEST DATA SHEET 
LYNX SC 2.4/5.8 GHz RADIO 


System Part Number: 3f; OQ _-CU(47// Test Operator: 


Unit Serial Number: OD APS 2.5 Date: er a ae 
Transmit Frequency: > 7 78 MHz Receive Frequency: fj o< MHz 


[<}) ALL FACTORY TESTS PASS: {Check box if pass} 


TX POWER: Power Voltage Model_ Specification 
{Max} 2. | dBm Y 7F Volts 31000 > +20dBm 
+20 dBm Lo Soe Velis 31250 > +27 dBm 
+15 dBm LAY Volts 31400 > +20dBm 
+10dBm [ff Volts 31500 > +27 dBm 
+5 dBm HRY volts 31600 > +20 dBm 
{Min} W/, > dBm0.00 Volts< Power max. -16 dB For 2.4GHz 31650 > +27dBm 
BP din ON Re. Voliscrone sakoao as hy sacle 31700 > +20 dBm 
RSL: Power Voltage Model_ Specification 
{Threshold} re 4 dBm Sh Volts 31000 <-93 dBm 
-85 dBm FO) Melts 31250 <-94dBm 
-80 dBm /. I$ Volts 31400 <- 92 dBm 
-75 dBm ASFT volts 31500 <-93 dBm 
-70 dBm MeL Volts 31600 <-90 dBm 
-65 dBm Se Volts es 680 <-91 dBm 
-60 dBm Y L4 Notts 31700 <-90 dBm 
-55 dBm és 7 /_ Volts 
-50 dBm Cy SY Volts 
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Manufacturing 


Production Test Procedure 


FACTORY TEST DATA SHEET 
LYNX SC 2.4/5.8 GHz RADIO 


‘ pee oN Mo eice) 
System Part Number: SEXO Ee pL V5) 2a} Operator: Do. ee ) 
Unit Serial Number: GIAL SC A- Date: ss Meat CO OE 
Transmit Frequency: CEP MHz Receive Frequency: 5 o: ZS ‘ MHz 
bag ALL FACTORY TESTS PASS: {Check box if pass} 
TX POWER: Power Voltage Model_ Specification 
{Max} LY. Caan SGP 7 Vorts 31000 > +20 dBm 
+ 20 dBm [S70 Volts 31250 | > +27 dBm 
+15 dBm L3 vots 31400 > +20 dBm 
+10 dBm 1, OF Volts 31500 > +27 dBm 
+5 dBm _ DT? Volts 31600 > +20 dBm 
{Min} U ? dBm0.00 Volts< Power max. -16 dB For 2.4GHz 31650 = + 27,dBm 
a, ©. ve dBm0.00 Volts< Power max. -20 dB For 5.8GHz 31700 > +20dBm 
RSL: ; Power Voltage Model_ Specification 
{Threshold} ~PEF dBm _ 6 Volts 31000 <-93 dBm 
-85 dBm » &5_ Volts 31250 <-94 dBm 
-80 dBm /. 2 Volts 31400 <-92 dBm 
-75 dBm (eS oe 31500 <-93 dBm 
-70 dBm 2YF Vos 31600 <-90 dBm 
-65 dBm F.O Volts 31650 <-91 dBm 
-60 dBm S. 8 volts 31700 <-90 dBm 
-55 dBm Y, Lys 4 Volts 
-50 dBm x. 2 a Volts 
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